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NOTICE. — oO — a 


| MAPS PUBLISHED BY THE SURVEY OF INDIA 

are obtainable from the Map Record and Issue Office, 13, Wood Street, 
Calcutta, on the Public Service—on Cash Payment or Book-Transfer, 
and, for private use—on Cash Payment or V. P. P. 


Forest maps are obtainable eee from the Officer i in charge, Forest 
Map Office, Dehra Dun. : 


Geological maps are obtainable from the Director, Geological Survey 
of : India, Calcutta. 
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The Survey of India publish maps for the greater part of SOUTHERN ASIA 
between the meridians of 44° and 124° East of Greenwich and between parallels 4° and 
40° north latitude. -_ - = 


2. Surveys executed after 1905 are a as “ eee those PRIOR to that date 
are classed as “OLD”, 
8. -Maps are printed in.two styles or editions : viz., LAYE ERED and POLITICAL : — 
_ (a) The LAYERED cdition. represents @ map printed in colours with graduated, 
layer tints of colour to show altitudes, and, shading to emphasize the. 
hills. This edition gives prominence to. the physical features. _ 
. (6) The POLITICAL edition represents. a map printed in colours, but without 
graduated layer tints. Hills are _ represented by contours and shading. 
This edition gives prominence to the Civil Divisions of India ‘which ‘are 


shown by ribands of colour along boundaries of administrative partitions. 


= 


NOTE.—When maps are printed in colours, from mixed or old surveys, the edition is styled “PRELIMI- 
NARY”; and when published in black only or with hills in brown, the edition is styled “PROVISIONAL” ssue. 


4. The series of Modern maps are grouped under three Divisions :— 


(I) GEOGRAPHICAL, embracing— 

(a) SOUTHERN ASIA SERIES, scale 1:2,000,000 or nearly 1 inch 
=32 miles, in LAYERED and POLITICAL editions, size 86 inches 
x 24 inches, price Rs. 3 per copy. 

(64) INDIA AND ADJACENT COUNTRIES; scale 1:1,000,000 or 
nearly 1 inch = 16 miles, in LAYERED and POLITICAL editions, 
or if from old surveys, as PRELIMINARY editions; size 24 
inches x 19 inches, price Re. 1-8 per copy. If printed on linen-backed 
paper Rs. 2-4. 

(c) INTERNATIONAL MAP OF INDIA, scale 1: 1,000,000 or nearly 
1 inch = 16 miles, in LAYERED edition (without shading of hills), 
size 30 inches x 26 inches, price Re. 1-0 per copy. 


(II) TOPOGRAPHICAL, comprising maps on :— 

(2) Scare 1 inch = 1 mite, in the POLITICAL edition, size 24 x 19 
inches, price Re. 1-8 per copy. | 

(b) ScaLE linch = 2 mites, in the POLITICAL edition, size 24 x 19 
inches, price Rs. 3-0 per copy. 

(c) ScaLe 1 inch = 4 mites, in the LAYERED and POLITICAL editions, 
size 24x19 inches, price Re. 1-8 per copy, and from old surveys as 
PROVISIONAL issues, price Re. 1 per copy. 

NOTE.—Modern Topographical maps printed on linen-backed paper are As. 12 extra per copy. Index 


charts or Key maps to the Geographical and Topographical series are obtainable gratis. 


(III) GENERAL MAPS which include :— 

(2) GENERAL MAPS OF INDIA, scale 1 inch = 32 miles, in sets of 
12 sheets, each sheet 25 x 32 inches, in LAYERED and POLITICAL 
editions, price Rs. 12 per set, and on scale 1 inch=64 miles, POLITICAL 
edition only, size about 34 feet square, at Rs. 6 the copy. Also various 
maps of India on the same and smaller scales and miscellaneous special 
maps illustrating Railways, &c. 

(4) PROVINCIAL MAPS, on scales 1 inch = 16 miles and 1 inch 
=: 82 miles. | 

(c) DISTRICT MAPS, on scales 1 inch = 4 miles and 1 inch = 8 miles. 

(2d) CANTONMENT AND TOWN MAPS AND OTHER MISCELLA- 
NEOUS MAPS, of various scales and prices. 

5. MAP CATALOGUES can be obtained at ONE RUPEE per copy. 


6. Maps can be mounted on cloth and folded or mounted on rollers for hanging, &c., 
at an extra charge. 

7. For particular purposes, copies of any map can be supplied in black or black 
and brown on request and at special rates. 

8. Any map, chart or diagram can be reproduced if the applicant submits a 
suitable original drawing. Special rates exist for such work and estimates can be 
given on request. 

9. The prices quoted for various maps are exclusive of postage and V. P. P. 
charges. Any further information may be obtained free of charge from the Officer in 
charge, Map Record and Issue Office, 18, Wood Street, Calcutta. 
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PART I—TOPOGRAPHICAL SURVEY. 


NORTHERN CIRCLE. 


(Vide Index Map No. 1). 

Summary.—This circle was under the superintendence of Lieut.-Colonel H. Wood, R.E. 
During the year Nos, 2, 8, 4 Parties completed 11,528 square miles of detail survey 
on the 3-inch, 1-inch, and £-inch scales, excluding 37 square miles surveyed on half-inch 
scale in 1920-2] and re-surveyed on one-inch scale in 1921-22 and 9 square miles surveyed 
on eight-inch scale. 
In addition an area of 9,318 square miles was triangulated by Nos. 1,2 and 4 
Parties and 289 square miles was traversed by No. 4 Party for detail survey next year, 


Partv) continued special work in the Punjab for the Local Government. 


The detail survey consisted of :— 


492 square miles of half-inch original survey. 


294 yoy 
6,345 39 9 
2425 4, 4, 
1,969 3) 99 


of one-inch original survey. 
of one-inch revision survey. 
of one-inch. re-survey. 

of two-inch original survey. 


No. 22 (Riverain) Party and 23 (Punjab Rectangulation) Party (late Sind Sagar 


The former carried 


out the usual riverain survey in the Punjab and the latter, rectangulation work in connection 
with the Sutlej Valley Canal and Colonisation Project. 

A detachment designated the Bhopal Traverse Detachment was formed to carry out 
traverse work in the Bhopal State at the request of the Bhopal Durbar. 

No. 20 Party (Cantonment) was re-transferred to this circle from Ist April 1928. 


No. 1 PARTY (PUNJAB, PUNJAB STATES AND UNITED PROVINCES). 
By C. C. Byrne. 


The head-quarters of the party remained at Mussoorie during the whole year. The 


PERSONNEL, 
Class I Officers, 


Lt. G.H. Osmaston, M.C., R E.. (on probation), 


from Ist May to 11th Jaly 1922. 


Lt. G.F. Heaney. R.E., (on probation), from 


[st May to 11th July 1922, 
Class Il Officers. 


Mr. C.C. Byrne, in charge from 18th February 


n 


1922, 
P.A.T. Kenny, O.8.E,, in charge up to 17th 


February 1922. 
A.M. Talati. L.C.E., from Ist July to 18th 


September 1922, 


Major C.H. Iresham. 
Mr. K.C. Hanson, to 3lst January 1922. 


A.J.A. Drake, D.C.M., to 30th June 1922, 
H.T. Haghes, to 14th March 1922. 
O.D. Jackson. 

Upper Subordinate Service, 


. Sher Jang, K.B., from 27th February 1922. 


Muhammad Husain Khan, K.S., from 16th 
January to Ist September 1922. 

Afraz Gul Khan, K.S.. to 31st December 
1921. 

Muhammad Khan. 
Muhammad Hasan, 
Jit Singh Rawat. 
Sijawal Khan. 
Latif Khan, 
Moh-mmad Jamsed, (on probation), from 
Ist September 1922, 


from 18th April 1922. 


- Mohammad Abdus Sattar, (on probation), 


from Ist September 1922, 
Lower Subordinate Service. 


30 Surveyors, etc. 


health of the party has been fairly good, there 
were no cases of serious illness and no deaths, 
Malarial fever and a mild form of Influenza were 
however prevalent throughout the year, a large 
percentage of the staff being attacked at various 
times, 


Plane-tabling.—Except for a small area, which 
remained to be completed at the end of the pre- 
vious year, no detail survey was done during the 
year. This area was included in last year’s report, 
but the cost was not taken into account. The cost- 
rates for the whole area of 8,400 square miles, 
reported as surveyed last year, on the one-inch, 
half-inch and quarter-inch scales, are therefore 
Rs. 11-0 per square mile for original survey, and 
Rs. 15-2 per square mile for revision survey. 


Triangulation.—An area of 2,700 square miles, 
for detail survey next year, was triangulated 
by Mr. A.J.A. Drake, D.C.M., assisted by 
Mr. Jit Singh Rawat. This area lies along the 
hills in the south-western portion of the Dera 
Ghazi Khan district, of the Punjab and the adja- 
cent portion of the Sibi district, of Baluchistan,. 
falling in sheets 39G/11.12.15.16, 39H/9.10.13.14 and 
parts of 39K/2z3.45. 


The country is bare and inhospitable, support- 
ing few inhabitants; water is scarce and generally 
brackish; the altitude ranges from about 300 to 
4,500 feet above sea level and, except for a few 
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camel tracks along the larger streams, there are practically no communications. The 
main watershed, running roughly south-west to north-east, forms the boundary between 
the Punjab and Baluchistan. 


The main triangulation was done by Mr. Drake; the supplementary work of fixing 
points in the foot hills and the plains on the east, was done by Mr. Jit Singh Rawat over 
an area of 1,170 square miles. 


In addition to the triangulation there are in the plains a fairly large number of per- 
manently marked village trijunctions, the geographical positions of which were fixed, in the 
course of previous cadastral surveys, by traverses based on twenty stations of the Principal 
triangulation (Indus Series). These will provide sufficient points for the revision of the 
existing one-inch maps covering the Dera Ghazi Khan, Jampur and Rajanpur Tahsils of 
the Dera Ghazi Khan district. The cost of the triangulation is Rs. 7-8 per square mile. 


Recess Duties :—The party, having been in the field during the whole of the previous 
year, spent the whole of the current year in doing recess work. In the report of the 
previous year it is mentioned that the greater part of the fair-mapping of that year was done 
by pupils without adequate supervision; this work, in various stages of completion, has 
passed into this year’s programme and has caused serious delay in the execution of the other 
work of the party. Nearly all the typing has had to be redone and the examination and 
correction of these sheets has been along and very tedious process. It has been found 
impossible to separate the work of last year from that of the current season with any degree 
of certainty and consequently it has been necessary, after careful investigation, to make a 
distribution of the fair-mapping in such a way as to convey a fairly accurate idea of the 
relative cost. The work to which this report refers covers twenty-nine sheets on the one- 
inch scale and seven sheets on the half-inch scale, viz : 

(i) one-inch sheets :—43P/i6, 52C/s.1216 and 52D/1.23.5.6.7.9.10.11.13 to 16, 53A/ 
§.11.12.15.16, 938 B/3.7.8.11 and 53F/5.13.14. 

The area to be mapped on the above sheets = 7,777 square miles. 

(it) Half-inch sheets :— 

52 D/sw. sx., 52 H/sw., 53 A/NeE., 53 E/Nw. NE. SE. 

The area to be mapped on these sheets = 6,584 square miles. 

With the exception of Nos. 52 D/1s15.16and 53 F/13 all the one-inch sheets were 
completed and sent for publication during the year. The sheets above mentioned 
were also completed, except for a few finishing touches; but the final examination and 
ornamentation of 53 F/ 13 remains to be done. This sheet will be completed and submitted 
from the field. The other three sheets will be submitted before the party takes the field, 
in the first week of October. 


As nearly as can be calculated the area fair-mapped during the year, including the 
four sheets mentioned above, works out to 6,498 square miles ; the cost-rate of the mapping 
on the one and half-inch scale, for publication on the one-inch scale = Rs. 8-l per square 
mile; the cost-rate for mapping the complete set of 29 sheets (7,777 square miles) for 
publication on the one-inch scale = Rs. 11-+5 per square mile. 

Of the sheets to be published on the half-inch scale, the mapping of Nos. 52 D/sw.ss. 
and 53 E/sg. was taken over by No. 3 Drawing Office; the mapping of No. 53 A/NE.. 
was completed and examined, except for the ornamentation and touching up of the 
limit of cultivation ; the drawing of the remaining three sheets |was taken in hand and 
carried on till the end of the year. The sheets were then transferred to No. 3 Drawing 
Office for completion. It is estimated that the work done is eguivalent to the completion of 
about one sheet and a half, representing an area of 1,500 square miles. The cost-rate of 
mapping on the three-quarter-inch scale, for publication on the half-inch seale, works out 
to Rs. 3°8 per square mile. ; 

The heavy arrears with which the party was burdened, the frequent changes of per- 
gonnel both in the supervising and drawing staffs, the employment of pupils for fair-mapping 
and the depletion of the supervising staff, are some of the circumstances which have combined 
to render the task, which the party has had to perform, one of peculiar difficulty. This has 
been felt at every stage of the work and the fact that 7,998 square miles have been success- 
fully mapped is due to the patient and persevering efforts of those concerned. 

Inspections—The party was inspected weekly by the Superintendent, Northern 
Circle, throughout the year and by the Surveyor General in April 1922. 
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No. 2 PARTY (CENTRAL INDIA, DELHI PROVINCE, RAJPUTANA AND 
UNITED PROVINCES). 
By Br.-Lieut.-Cotonet 8S, W.S. Hamitron, D.S.O., R. E. 


The normal topographical programme of the party was continued. 


(2) Original survey on the half-inch scale 
of sheets 54 J/io14 (part). — 


PERSONNEL: (4) Re-survey on the one-inch scale of 
oo ~ 5 <4 
ee en sheets 54 I/3.7.1216, 54 M/s4 and 54 J / 
Bt.-Lt.-Col. 8.W.8. Hamilton, D.8.0., B.E.,in 2*°-9-14 (part) 
charge to 28th April 1922. 
Captain L. H. Jackson, I. A., in charge from 29th (c) Revision survey on the one-inch scale 
April 1922. of sheets 54E 
7(part), 54 I 15, 54 M 
Captain W. J. Norman, M.C.,R. E. (on probation), and 54 N ; / (P ), /48.11 me [7.8 
Captain 'T.W.R. Haycraft, R.E. (on probation) to /11.12.16.16. 
3ist May 1922. 

Lieut. G. H. Osmaston, M.C., R. FE. (on probation) (¢d) Original survey on the eight-inch scale 
to 30th April 1922. of the headworks of the Western Jumna Canal. | 
Lieut. G.F. Heaney, R. E. (on probation) to 30th 

April 1922. : pie 
(e) Triangulation for original survey on the 

Class II Officers. : : 
half-inch scale in sheets 54 F/ (less 54 F/i.s and 


Mr. J. McCraken, M. B. E. . r 
C. O. Picard, to 3lst May 1922. parts of 9.13 ) and in sheet 54 J/(less o4 J/1.5.9.13). 


99 
» Duni Chand Puri. 
» P.K. Ghosh, B.Sc. (on probation). (7) Traversing for original survey on the 


sixteen-inch and sixty-four-inch scales in the 


Upper Subordinate Service. 2 
Municipal areas of Allahabad City. 


Mr. Muhammad Husain Khan, K.§., from 22nd 
October 1921 to 15th January 1922, 

» Muhammad Husain. | (g) Traversing of the boundaries of demar- 
Imam Din : : . 

” ted areas of leased land in Imperial Delhi. 

Afraz Gui Khan, K.S., from Ist January 1922. = P 

» Jagannath, 


. Narasingh Dass Joshi, B, A. (a) The country surveyed on the half-inch 

»» Mohammad Jamsed (on probation), and one-inch scales consisted entirely of cultivated 

pie. PPO RAUB GSD aHE Sattar don probation), plains, for the most part open and easy except in 
Lower Subordinate Service. a few places where trees were numerous. ‘There 

57 Surveyors, etc. wasa great deal of broken ground along the 


banks of the Jumna and Chambal rivers. Along 

the tributaries of the Jumna in Jalaun and 

Cawnpore districts, this broken ground, though 

| not of great height or difficult of negotiation 

was much spread out over the country ; while that along the Chambal, was from two to three 

miles in width on either side of the river, formivg deep ravines, averaging a hundred and 

more feet in height, and broken up into pinnacles or flat tops with cliffs on all sides impossible 

of access. The tracks followed the main streams and were few and far between and mostly 
only fit for foot traffic. There were no hills in the areas surveyed. 


The head-quarters opened in the field at Agra on tae 2nd November 192] and 
re-opened in recess at Mussoorie on the 4th May 1922. The health of the party was excellent, 


Plane-tabling.—As in the previous two field seasons, all first year soldier surveyors and 
a large number of the pupil surveyors in the circle, numbering 11 and 6 respectively, were 
attached to No. 2 Party for training. In addition, there were four Class I, one Class II and 
two Upper Subordinate officers on probation. The country lent itself well for training 
purposes, though it was not possible to give any real instruction in contouring or in the 
depiction of hill features. It is hoped that it will prove possible to give such instruction next 
year when the party will be working in the hilly areas of Gwalior and Eastern Rajputina, 
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The party was divided into 5 camps as given in the table below :— 


No. of 
officers 
. Cc under ins- Scal d 
hes Name of camp officer. Head pees truction. Sheets surveyed. clas of 
surveyors 
and pupils. 
1 | Mr. Md. Husain Khan, |Akbarpur 10 1 | 54 N/11.12.16.16 ]-inch 
K. S., and later and revision. 
Mr. J. McCraken M.B.E.| Bhind 9 2 54 J/10. 14 4-inch 
original 
and 1-inch 
re-survey. 
2 | Mr. C.O. Picard ... |Mainpuri 12 7 54 M/s.4.7.8 1-inch re- 
survey and 
1-ineh 
revision. 

8 | Mr. Imsm Din ... | Shikoha- 6 9 54 1/11.12.15.16 & do. 

bad and 54 J/o, 
Ghiror 
4 | Ist class surveyor Tindla 7 9 54 1/3.4.7 do. 
Khushal Khan and later 
Capt. T.W.R. Haycraft, 
R.E. 

5 | lst class surveyor Abdul | Pinahat 6 5 54 I/s ana l-inch 
Aziz Khan and _ later 54 J/1. 5. re-survey 
Capt. W. J. Norman, and 1-inch 

M.C., R.E. revision. 
Under O.C. Party __... ie l ey 54 E/7 1-inch 


revision. 


In cases where surveyors worked under two different camp officers, they are counted 
as having been in each camp. Mr. Afraz Gul Khan, K.S., was attached to No. 1 Camp for 
a short period during the season, for instruction in a camp officer’s duties. Mr. D.C. Puri 
did not have an ordinary camp charge but was employed in teaching and helping the officers 
and surveyors in charge of Nos. 4 and 5 Camps, none of whom had previously any experience 
of these duties; in addition he generally supervised the instruction being imparted to their 
men under training. He was also in charge of the traverse work in Allahabad City and in 
Imperial Delhi. 

l-inch revision survey was carried out by trained and partially trained surveyors, 
while 1-inch re-survey, which was specially arranged for them in lieu of revision survey, was 
done by all the officers under instruction and by the first year soldier surveyors and pupils. 
Later in the season the two junior Class I officers were given an area of original survey on 
the half-inch scale, the two sheets of which had been specially included in the programme 
with a view to these officers’ instruction. 


The one-inch survey was based on old revenue traverse data supplemented by new 
traverse work carried out the previous season in sheets 54 J/1,5.9, while the half-inch 
survey was based on triangulation, observed and computed in the field earlier in the same year. 

For the initial period of instruction, a convenient area of one-inch re-survey, not too 
difficult, but containing as much variety of detail as possible, was selected for each camp. 
The graticules, traversed trijunctions, scales, lists, ete. of this area were plotted in recess, on 
toa half Bristol board, one for each man under training. Each camp officer then devoted 
from a month to 6 weeks, within the area selected, to the individual training of his men 
according to their several capabilities ; after which, if the officer in charge of the party was 
satisfied with their progress, the men were given separate and independent plane-table sections. 
These they had helped to prepare during their collective training, the plotting being done by the 
men themselves. The officers in charge of Nos. 2, 3 and 4 Camps were each allowed one first 
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class surveyor to assist them until their men under instruction could work independently and 
without frequent supervision. This period was found to vary from 6 weeks to 2 months. 


In order to give a greater usefulness to the published sheets, the heights alorg main 
canals and distributaries have been obtained from the various Executive Engineers concerned 
and selected values have been inserted on the fair maps in these areas in the plains where no 
other information was available. A note to this effect has been entered on the plane-table 
sections. Where possible these were compared in 1920-21 with levelled bench-marks and 
other traversed heights and were found not to vary more than two or three fect. 


The survey of the Headworks of the Western Jumna Canal, undertaken at the request 
of the Superintending Engineer of the Irrigation Circle. on the eight-inch scale was a small, 
simple, and straight-forward piece of work which calls for no special remark. It was based 
on triangulated points from the Himalayan triangulation and was carried out by a surveyor 
on deputation working directly under the Executive Engineer. 


Out-turn and cost-rates are given below :— 


Cost-rate per square mile. 
Scale. Cluss of survey. Area in square miles. 


Rupees. 
4-inch Original 492 22+) 
]-inch Re-survey 2,425 16-9 
l-ineh Revision 2,694 12°8 
8-inch Original 9 121-3 


The cost-rate for half-inch original survey is very high due to various reasons; the 
triangulation being done the same season, the data in consequence were not ready earlier and 
it proved necessary to move a number of surveyors to small areas, in many cases from long 
distances, to ensure that the survey was completed in the season, thus causing extra expense. 
Also this survey has to bear the charges of pay of the two junior Class I officers under ins- 
truction during the period, as well as the pay of senior surveyors, sufficiently trained to 
complete the work efficiently and well. The cost-rate for one-inch re-survey has also been 
adversely affected by the charges of pay of officers under instruction. 


Triangulation.—In its course of progress the party has now reached Gwalior State in 
Central India and the Indian States of Eastern Rajputana, and the country triangulated was of 
a different nature to the heavily cultivated plains of the United Provinces. The country 
covered by sheet 54 F and the south-west portion of 54 J consisted for the most part of small 
ranges of hills varying in height from 900 to 1,400 feet, outcrops from the Vindhya Range 
to the south. These were mostly covered with long grass and dense jungle, and often proved diffi- 
cult to negotiate. Communications were poor and habitations sparse, but on the whole the 
country was easy to triangulate, though necessitating extensive clearing and requiring many 
stations. The central and south-east portions of 54 J, though not heavily cultivated, nevertheless, 
owing to their flatness, to numerous trees round villages, and to the absence of hills, also 
necessitated a very large number of stations and required a careful and intellizent recon- 
naissance. The work was based on the Great Are Meridional and on the Budhon Series, 
which run parallel through the area from north to south, and on the old Gwalior and Central 
India Topo. Triangulation. A large number of the upper markstones of the G. T. series, 
and in many cases the lower markstones also, were found missing, and a special report on 
this matter has been submitted to the Superintendent of the Trigonometrical Survey. The 
triangulation of sheet 54 F (less F/1.5) was done by Mr. P. K. Ghosh, B.Se., Extra 
Assistant Superintendent, who completed an area of 3,500 square miles, and that in 54 J by 
Mr. Jagannath, Sub-Assistant Superintendent, who completed an area of 3,060 square miles. 

The triangulation of sheets 54 J/10.14 was completed in the field. Its survey 
on the half-inch scale, completed during the ame season for the instruction of officers under 
training, is referred to under plane-tabling above. The total out-turn was 6,560 square 
miles and the cost-rate per square mile was Rs. 2:0. 
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Traversing.—The traverse of Allahabad City and its Municipal areas for detail survey 
on the sixteen-inch and sixty-four-inch scales, commenced in 1920-21 for the Allahabad 
Improvement Trust, was continued in December 1921 and completed in February 1922. The 
work was in charge of Mr. Duni Chand Puri, Extra Assistant Superintendent, with two 
traversers and two computers, computation being carried out purz passu with the traverse. 
Twenty-one plot charts of the work in the sixty-four-inch area, which were urgently required 
for detai] survey, were completed in the field. (See a/so Part I[]—Special Reports). 


On the completion of work in Allahabad, the traversers and computers were trans- 
ferred to Imperial Delhi to undertake the traverse of the boundaries of demarcated areas 
in the New City, which have been, or are to be, leased in perpetuity to the holders. The 
traversers were started on work by Lieut.-Col. S. W.S. Hamilton, D.S.O., R.E., a main 
line being run across the area of the Imperial City from north to south via Kutab Road, 
Prithvi Raj Road, Hardinge Avenue, Lytton Road and Panch Kumar Road, joining up 
Pillars Nos. 607 and 2U1 of the boundary traverse of Imperial Delhi executed by No. 18 
Party in 1915-16, the various sub-traverses required to connect up the area demarcated 
being taken off this main line. The work and the number of stations required entailed 
considerably more labour than was originally expected, but by keeping the traversers out 
until the end of April all the work asked for was completed. 


No traverse work for topographical survey was undertaken. 
Cost-rates are given in the table below :— 


No. of 
Scale of detail survey traverse 
stations 


Cost-rate 
per linear mile 
Rs. 


Linear miles 
chaining 


16-inch ... | Allahabad 514 78 
64-inch Bot do. 623 35 


12-inch (boundary tra- 
verse) ..| Delhi... 1,188 57 


The cost-rates given include computation of the work. 
ftecese Duties.—¥or the purpose of fair-mapping the party was divided into four 
sections as given in the table below :— 


No. of Name of Section officer. No. of No. of sheets. Scale of fair- 
section. draftsmen. drawing. 


l Mr. J. Me Craken, 
M. B. E. 


7 54.N/11.12.15.16, J/14, 543/Ne. 14-inch and 
2_inch 


2 Captain W.J. Norman, 
M.C., R. E. 


5 54 M/3.4.7.8 14-inch 


3 Mr. Imam Din 6 54 1/11 12.15.16, J/9, 54E/Ne. 13-inch and 


#-inch 


4 Mr. D.C. Puri 


5 543/15 & I/3.4.7.8 13-inch 


Fifteen one-inch sheets have been submitted in September 19°22 and the remaining 
one-inch and half-inch sheets will be submitted before the party leaves for the field. No. 2 
Party will thus have no arrears of fair-mapping. The outline of 3 sheets, viz., 54 J/914 and 
5+ 1/16 has been drawn on contract overtime system adopted in this party last recess. An 
estimate is made of the number of hours required and the draftsman, who must have first 
class qualifications, is then given the sheet to draw entirely out of office hours, being paid his 
overtime on completion, with the proviso, however that any corrections must be carried out 
by him as overtime without payment. The amount expended on overtime payments during 
recess will total Rs. 414. 
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The cost-rates of fair-mapping are given below :— 


Cost-rate per square mile. 


Scale of fair-mapping. Area in square miles, 


Rupees, 
14-inch for 1-inch sheets 5,004 6°7 
#-inch for $-inch sheets 1,749 3-0 


A section was also maintained under Mr. Afraz Gul Khan, K.S., for the training of 
soldier surveyors and pupils. Four soldier surveyors reverted to their units during recess. 
Captain T. W.R. Hayeraft, KR. E. (on probation) and Mr. C.O. Picard were transferred to 
No. 3 Party and No. 3 Drawing Office respectively from Ist June 1922, and Lieutenants 
G. H. Osmaston, M.C., R. E. and G. F. Heaney, R. ik. (both on probation), were transferred 
to No. 1 Party from Ist May 1922. 

(4) <A section composed of one triangulator, 2 traversers and 2 computers, under Mr. 
P.K. Ghosh, B.Se., has been employed throughout the recess on the computation of last 
season’s triangulation for original survey on the half-inch seale, the preparation of traverse 
plot charts from the old traverse records of Agra district for re-survey ou the one-inch scale, 
and the preparation of traverse plot charts of 1920-21 traverse for original survey on the 
half-inch scale, required for next season. ‘The computation of the traverse of Allahabad City 
has also been completed, and 9 plot charts for detail survey on the sixty-four-inch scale and 
44 plot charts for detail survey on the sixteen-inch scale have been drawn and sent to the 
Chief Engineer, Allahabad Improvement Trust <A schedule, together with an index plot 
chart, of the boundaries of demarcated areas traversed in the New City of Imperial Delhi has 
been prepared in book form in recess, and supplied for record to the Chief Engineer, P. W. D., 
Delhi. Other miscellaneous work has consisted in keeping the party records, ete., up to date, 
preparation of Bristol boards for training of next year’s pupils, preparation of Index maps, 
field progress charts, triangulation charts, and extraction of data for the continuation of the 
survey of the Western Jumna Canal on the scale of 1/4,000. 

Miscel/aneous..— There were no marked physiovraphical changes in the area that came 
under survey during the year. 

Inspections.—The party was inspected once by the Surveyor General and on numerous 
occasions by the Superintendent, Northern Circle. 


No. 3 PARTY (UNITED PROVINCES), 
By Masor C. G. Lewis, R. E. 


During the year under report the survey of the Garhwal and Kumaun hills on 
the two-inch scale was continued, the area required 
by the Forest Department being nearly completed. 
The field head-quarters were moved from Bareilly 
to Almoré, where the party office opened on 7th 


PRKRSONNEL. 


Class I Officers. 


Captain L.H. Jackson, I. A. in charge up to 
28th April 1922. 

Major C.G. Lewis, RE., in charge from 29th 
April 1922. 

Captain T.W.R. Haycraft, R.E. (on probation), 
from Ist. June 1422. 


Class Il Officers. 


Captain J.H. Williams, up to 11th May 1922. 
Mr E.B. West, up to 16th Joly 1922. 
' ZL. Williams, M. B. E. 

J.H. Johnson. 

A.J.A. Drake. D.C.M., from Ist July 1922 


99 
a 


” 


Lower Subordinate Service. 


88 Surveyors, etc. 


November. Nos. 1 and 2 Camps took the field 
earlier than the remainder of the party in order to 
complete the survey of the higher ground in their 
areas before the arrival of the snow. They reached 
their respective head-quarters at the end of October. 


The area surveyed consisted of Ingh hills, 
densely wooded on the northern slopes, and deep 
valleys, the lower slopes being terraced for cultiva- 
tion. 


The three camps completed their work by the- 
24th February, 20th March and 9th April respect-. 
ively. 


The health of the party was very good. The 17 surveyors of Nos. ] and 2 Camps. 
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reported a total of only 4 days of sickness during the season. No. 3 Camp averaged | day’s 
sickness in 2 months. Surveyor Adalat Khan died on 25th October while on leave and 
surveyor Farman Ali was killed on 30th January by an accidental fall on a dangerous hill 
side. | 

Plune-tatling.—The programme comprised survey in 19 two-inch sheets distributed 
in three camps as follows :— 

No. 1 Caup, under Mr. West, (head-quarters, Gwaldam) sheets 53 N/4s part). 
8S (part). 128. 168. 

No. 2 Camn, under Mr. L. Williams, (head-quarters, Sandeh and later Thal) sheets 
62 B/is.ss. 12s and 62 C/ines.5 NS (part). 9 (part). 9s (part). 

No. 3 Camp, wnder Captain J. H. Williams, (head-quarters, Pithoragarh), sheets 
62 C/2N &S.3.N. 6 N(part).6s(part). 7 N(part). 

The Nepal boundary following the Kali river formed the eastern limit of the work 
though a considerable area in Nepal was surveyed by “sketching ” from the British side. 


In sheets 53 N/igs and 62 B/4s.8s some of the reserved forests extend beyond 
the north margin of the sheet. As there are no reserves in the area to the north, these 
forests were completely surveyed, the over-lapping portions being mapped as outriggers. 

The country surveyed by Nos. 1 and 2 Camps consisted of very high ground, the 
hills in sheets 62 B/3.12 rising to 19,000 feet and the average height of valleys being 6,000 
to 7,000 feet. Work was completed in the higher ground by the 15th January, when heavy 
falls of snow occurred which would have made further work in that area impossible. The 
highest fixing made by a plane-tabler was at 14,950 feet, while several were made at 
over 14,000 feet. 

In the high ground the hills were mostly devoid of trees, except on the northern 
slopes. The high level reserved forests which are little exploited, have no compartment 
boundaries and their external boundaries were as a rule easy to locate; these factors 
combined to simplify the work of the plane-tablers. In the remaining area chiefly surveyed 
by No. 3 Camp, the hills were for the most part densely wooded and boundary pillars were 
difficult to find; in the vicinity of Pithoragarh the country was in addition extremely 
intricate. 

Communications were bad throughout the area, especially in the higher ground; 
only cooly transport could be employed. 


The survey of the Kumaun hills on the two-inch scale was undertaken in 1915 in the 
interests of the Forest Department and for three seasons prior to the year under review, 
owing to the fact that the greater portion of the area surveyed consisted of reserved forests, 
the whole area was surveyed on the two-inch scale to avoid inconvenient changes of scale. 
This policy was pursued during the current year although the reserved area was only 540 
square miles out of a total area surveyed of 1,969 square miles. 


Discrepancies between boundaries, as demarcated on the ground and as notified 
were as a rule reconciled in the field by reference to the Forest officials, but in the higher 
reserves it was found that many boundary pillars had been erected in positions differing 
widely from those described in the notifications, being sometimes located far outside the 
reserve to which they belonged. In these cases the boundary as notified has been correctly 
shown on the fair maps. 


The cost-rate of plane-tabling on the two-inch scale was Rs. 51°6 per square mile. 
This figure should be taken in conjunction with that for the average number of fixings 
per square mile, viz., 6°2. As the bulk of the area lay in high, sparsely inbabited hills only 
a small proportion of which consisted of reserved forests, surveyors were instructed in the 
case of non-reserved areas, to relax the standard of detail required by the scale and to 
carry out plane-tabling as for the one-inch scale. The cost-rate is thus not representative 
of rigorous %-inch survey. The fact that it is as high as the previous season is due to the 
very high cost of transport and to the total absence of local supplies. 


As it was impossible to purchase supplies of any sort in the area under survey, 
arrangements were made beforehand with Army head-quarters to draw rations for the party 
on payment from the 1/3 Q.A.O. Gurkha Rifles at Almora. The cost of rations was 
recovered monthly from those to whom they were issued and was refunded in cash to the 
Officer Commanding 1/3 Gurkha Rifles. 
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Each camp officer entertained from 50 to 80 permanent Nepalese coolies. These 
were used for moving camp officers’ and Surveyors’ camps and for the distribution 
of rations from camp head-quarters to surveyors. For the conveyance of rations from 
Almora to the head-quarters of the three camps, 14 troops (144 mules) of the 23rd Pack 
Mule Cadre, complete with personnel, equipment etc., were hired at a cost of Rs. 16 per 
mule per mensem. In August arrangements for the supply of dumps of grass at pre- 
arranged camps were made with the Forest Department. The mule cadre supplied their own 
rations for men and animals, which had to be carried with them on convoy work. This 
meant that for a trip of 5 marches to camp head-quarters and back (viz. 9 days) only 70 
mules were available for the party rations, the remainder being required for the rations and 


kit of the mule cadre. 


A time-table of marches for the mule convoys was drawn up by the Officer in charge, 
by which each camp was rationed on an average every five weeks. This time-table was 
strictly adhered to by the convoys. The routes were in a very bad state of repair, which 
resulted in accidents to mules on several occasions, though only one animal was killed 
during the season. No local transport could have operated continuously on these roads 
under such conditions. The cost of this transport was high, but was well repaid by the gain 
in time and efficiency, which enabled the survey of the high ground to be completed before 
the coming of snow. 


Triangulation.--The programme included the triangulation of sheets 58 N/1. 2.3. 6. 7 
but it was found impossible to attempt this work owing to the difficulties of supply and 
transport in Garhwal district, and it was abandoned. 


No traversing was carried out. 


Recess Duties.--The fair-mapping including 16 sheets of arrears which remained 
over from last year. was distributed in three sections— 


No. 1, under Mr. West and later Mr. Drake. 

Current 2-inch sheets 53 N/4s. 88.125. 16S. 

Arrears 2-inch sheets 53 J/16 8, N/4N. O/i6 N, 62 C/s 8. 

Arrears l-inch sheet 53 O/16. 

No. 2, under Mr. L. Williams. 

Current 2-inch sheets 62 B/4s.88, 128, 62 C/IN&S.BN&BONKS. 
Arrears 2-inch sheets 53 O/15N «8, 62 C/4aN.8N. 

Arrears l-inch sheets 62 C/4.8. 

No. 3, under Mr. Johnson. 

Current 2-inch sheets 62 C/2N&8.3N.6N&8.7N. 

Arrears 2-inch sheets 53 O/11 N& S. 14N&S. 

Arrears l-inch sheets 53 O/12. 

Captain Haveraft assisted in the examination of sheets for No. 3 section. 


Considerable use was again made of overtime, 4 outline sheets and 3 contour sheets 
were drawn on contract and all typing in overtime was done as “ piece-work,” special rates 
being worked out for the various items such as village names, spaced names, heights and 
contour values. 


The cost-rate of 2-inch fair-mapping for 2-inch sheets was about Rs. 25-V per square 
mile. Owing to the arrears it is impossible to estimate accurately the area of mapping 
actually completed. 


Eight arrears sheets have been submitted for publication and it is anticipated that the 
remainder will be submitted by the close of recess. The current sheets are well advanced ; 
they will be completed by a small party drawing section during the cold weather and should 
all be submitted before the commencement of next recess. 


Inspections.—The party was inspected once in recess by the Surveyor General and was 
visited weekly by the Superintendent, Northern Cirele, throughout the recess season. 
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No. 4 PARTY (UNITED PROVINCES). 


By M. C. PErrers. 


This party which had been in abeyance since 1917 took the field in full strength and 

completed the detail survey on the one-inch scale 

PERSONNEL. of sheets 63 M/3.7.8.11.12.15.16 and 63 N/9.10.11.12. 

cee I Officer. 13.14.15.16. The party also completed the triang- 

Mr. M.C. Petters, in chatge to 13th March and ylation of the hilly tract in sheet 63 M/ 15 and the 
from 25th March 1922. ; : ae 

traversing of the cultivated plains in Nepal lying 


Class II Officers. in sheets 638 M/3.7.11.15. 


Mr. G. A. Norman, M.B.E., from 10th Decem- 
RcclOd ee Gtk Mach Ooo and Eoni Ost The reserved forest areas are densely wood- 


March 1922, n charge from 14th to 24th ed; the remainder of the country consists of well 
March 1922, cultivated plains dotted over with lakes, marshes 
Mr. F.C. Saint. to 30th April 1922. and numerous groves of mango trees and _ inter- 

», Mogqim.ddin, from Ist June 1922. F Sg : 
sected by several rivers the principal of which are 


Upper Subordinate Service. the Gogri, Gandak and Rapti. 
Mr. eer , The field season opened on the 7th November 
"vi dya Dhar Chopra. 1921 and closed on the 15th March 1922. The 


, Laltan Khan, I. D.S.M., to 10th April 1922. field head-quarters was at Gorakhpur. 
Motabat Lal Kohli (on probation), from 17th 
‘October 1921 to 15th September 1922. 

Narayana Chandra Ray (on probation), from 


The health of the party was on the whole 
very good, but there were a few cases of malarial 


20th May 1922. fever among the men working in the Nepal area. 

. Dalip Singh Gandhi (on probation), from Plane-tabling.—The nature of most of the 
29th May 1922. : ‘ ; 

country surveyed is flat and highly cultivated 

Lower Subordinate Service with some hilly ground in the north-eastern 

36 Surveyors, etc. corner. The reserved forest areas are densely 


wooded. The detail survey of the hilly area in sheet 63 M/is and of the plains 
of Nepal was based on points fixed respectively by triangulation and traversing during the 
current season. The survey of the remaining area except sheets 63 N/910 was carried 
out on blue prints of existing one-inch sheets, the plane-table traverses being based on the 
positions of trijunction pillars as shewn on the blue prints. 

The work was divided into four camps as follows :— 

No. 1 Camp, under Mr. F.C. Saint with 11 surveyors completed the revision survey 
on the one-inch scale of sheets 63 M/sg.12.16 and 63 N/i3.14, Mr. Chopra was placed in this 
camp but proceeded on medical leave very shortly after the field season commenced. Towards 
the end of the season the camp was strengthened by 4 surveyors transferred from the Train- 
ing Camp. ; 4 
No. 2 Camp.—Mr. G. A. Norman, M. B. E., took over charge of this camp on the 
18th December 1921 from Mr. Lakshmi Dutt Joshi who proceeded on medical leave, and 
executed the revision survey on the one-inch scale of sheets 63 N/11.12.15.16, The camp 
originally consisted of 9 surveyors, but during the last month of the field season, was 
strengthened by 3 pupils from the Training Camp who had completed their allotted work 
in that camp. 

No. 3 Camp, under Mr. Chuni Lal Kapur with § survevers completed the one-inch 
original survey in Nepal and the one-inch revision survey of the remaining area in sheets 

63 M/3.7.11.15. One surveyor from the Training Camp was transferred to this camp towards 
the close of the field season. 

No. 4 Camp formed a training camp round Pipraich under Mr. Laltan Khan, 
1.D.S.M. One Upper Subordinate officer and 13 pupils were instructed in plane-tabling 
and together completed the one-inch survey of sheets 63 N/9.10. The survey was based 
on the plotted positions of village trijunction pillars whose coordinate values were obtained 
from Revenue traverse records. The area has been treated as revision survey. Eight of the 
pupils on completing their allotted areas were transferred towards the close of the season to 
other camps. 

The out-turns and cost-rates are as follows :-- 

One inch original survey 294 square miles at Rs. 8°2 per square mile. 
One inch revision ,, 3691 _,, » at Rs.13°8_,, 3 

The cost-rate for the original survey is less than that of the revision survey owing 
to the nature of the country in Nepal being less intricate than the United Provinces and to 
the fact that the most experienced surveyors were employed on the work. 
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Triangulation.—The nature of the country is undulating and hilly and covered with 
dense forest growth. It was intended that the triangulation should emanate from the base 
Chanda T.S.—Balua T.S., geodetic stations of the North-East Longitudinal Series, but owing 
to heavy tree growth having sprung up between these tower stations since they were built, 
after a good deal of tree-felling had been done, to save time, it was considered expedient to 
abandon the line and start the triangulation from the base Balua T.S.—Barar h.s., the latter 
of which is a minor station. Mr. M. L. Kohli triangulated an area of 58 square miles in 
sheet 6 M/15 to fix sufficient points and heights for the detail survey. 

The cost-rate including computations is Rs. 18-9 per square mile. 

Traversing.—A total length of 133 linear miles of traversing with heights, repre- 
senting an area of 289 square miles, was run by 2 traversers in the highly cultivated plains 
of Nepal comprised in sheets 63 M/3.7.11. 15 to supply data for the original survey. 

The cost-rate including computations is Rs. 15 per square mile. — 

Recess Duties.—-These comprised the fair-mapping on the seale of one and a half inch 
to a mile for publication on the scale of one inch to a mile of fifteen sheets surveyed during 
the year, and the final computations of trianculation and the plotting of village trijunction 
pillars for 2 one-inch sheets from Revenue traverse records for instructional purposes for 
next field season. The work and personnel was divided equally into three sections as 
follows :— 

No. 1 Section, under Mr. G. A. Norman, M.B.¥F., was allotted the fair-mapping of 
sheets 63 N/11.12.14.15.16. 

No. 2 Section was placed in charge of Mr. Moqimuddin who was responsible for the 
completion of the fair-mapping of sheets 63 M/s.12 and 63 N/9.10.13. 


No. 8 Section, under Mr. C.L. Kapur carried out the fair-mapping of sheets 
63 M/3.7.11.15.16. 


An area of 3,671 square miles at a cost-rate of Rs. 7-4 per square mile was fair- 
mapped. 
Sheets 63 M/3.7.11 and 63 N/g.10 were submitted for publication before 30th Septem- 


ber 1922 and the remaining sheets 63 M/8.12.15.16 and 63 N/11.12.13.14.15.16 will be completed 
before the party takes the field. 


The final computations of triangulation were completed by Mr. C. L. Kapur assisted 
by a computer. 

Miscellaneous.—Owing to the non-co-operation movement, which had made itself felt 
in some parts of the area under survey, it was often difficult to obtain carts and those secured 
had to be paid for at any fancy price the owner chose to name. This movement culminated in 
the holocaust at the police station at Chauri Chaura, 12 miles from Gorakhpur on the 4th 
February 1922. 

At the request of the United Provinces Government and with the concurrence of the 
Benares State Durbar, Mr. M.C. Petters was placed on deputation from the 14th to the 21th 
March 1922 to examine and report on the disputed boundary between Benares State and 
United Provinces lying along the Ganges river. The dispute, which dates back to 1818, is 
due to the lateral movements of the river and reaches an acute stave whenever suflicient silt 
has been deposited by floods on the sand banks to make them cultivable. The main point in 
dispute was whether the southern boundary of Benares State in the area concerned was a fixed 
line or whether it should vary according to the movements of the Ganges river. After 
examining all old maps forwarded by the parties on both sides and previous rulings on the 
subject, a survey on the eight-inch scale was prepared and it was decided that the southern 
boundary of Benares State followed a fixed line. The area is sandy and subject to annual 
inundation ; the depth of water and a strong current during the rainy season will not allow 
boundary marks to remain. Three guide pillars were accordingly built in a straight line 
from which it will always be possible to relay the boundary line marked on the original survey 
with the aid of a plane-table and magnetic compass. In the event of one of the guide pillars 
being destroyed, the boundary can still be laid down with precision. 

There were no arrears of fair-mapping from previous seasons. 

The beds of the Gandak and Gogra rivers have altered their courses appreciably to the 
west and south since the last survey in the early eighties. © 

Inspections.—The party was inspected by the Surveyor General on the 20th April 
1922; it was also inspected once during the field season and weekly during the recess season 
by the Superintendent, Northern Circle. 
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No. 20 PARTY (CANTONMENT). 
By C.E.C. Frencu. ’ 
During the year the party continued survey operations in the Southern Circle, and on 


PERSONNRL. 
Class I Officer. 


Captain J. K. Douglas, R.E., in charge to 16th 
October 1921. 


. Class II Officers. 


Mr. J.H.8. Wilson, up to 31st January 1922. 
C.E.C. French, in charge from 17th October 
1921. 

F W. Smith, from 13th February 1922, 


” 
Upper Subordinate Service. 


Mr. Dharmu, to 30th June 1922. 
» J.M. Mukerji. 


Lower Subordinate Service. 


28 Surveyors, etc. 


the Ist April 1922, came under the administra- 
tive control of the Superintendent, Northern 
Circle. A temporary suspension of the field oper- 
ations was considered necessary as the field work 
showed signs of outstripping the pace of the 
drawing; the party was therefore collected at 
Dehra Din during the hot weather months to 
deal with the mapping. 

The health of the party has been good 
throughout the year. 


Plane-tubling.—The cantonments of Deolali 
and Ahmadabad were surveyed on the sixteen- 
inch scale, with their bazars on the sixty-four- 
inch. The remaining sixteen-inch areas in the 
Civil and Miltary Station of Bangalore and 
remnants of the bazar areas on the scale of fifty 


feet to one inch were also completed, the aggregate areas on these scales being 5,525-( acres 
on the sixteen-inch, 106-36 on the sixty-four-inch and 65 - 63 on the fifty feet scale respectively. 
An area of 40-21 square miles at Deolaili was surveyed on the six-inch scale for the 
purpose of illustrating future military developments. 
The accuracy of the field work has been tested by a chain-line of 60°60 linear miles 


and 206 in situ fixings. 


Trarversing.—81-94 linear miles were done by Mr. Dharmu and surveyor Arthur Fran- 
cis ; 96 stations being fixed, the average number of stations per mile being 3:01 and the cost- 


rate Rs. 237°66 per mile. 


Levelling—The proximity ef standard bench-marks in these cantonments offered a good 
opportunity of testing the accuracy of the existing heights, previously obtained by triang- 
ulation and traverse ; these proved very satisfactorily and in no case were alterations of more 


than a foot found necessary. 


Messrs. Dharmu, Mukerji and one surveyor completed 96-83 linear miles of levelling in 
these cantonments at a cost of Rs. 18-90 per mile. 

Recess Duties.—The fair drawings of Pallavaram, St. Thomas’s Mount, Poonamallee, 
Velichi and West Hill comprising 39 sheets have been submitted for publication ; the remainder 
comprise Secunderabad, Cannanore, Madras Military Lands, Bangalore, Deolali and Ahmad- 
abid in 96 shects, the mapping of which is well in hand. 

Inspections—The party was inspected by the Superintendent, Southern Circle at 
Deolali on the 29th January 1922 and by the Superintendent, Northern Circle at Dehra Din 


on the 24th July 1922. 


No. 22 (RIVERAIN) PARTY (PUNJAB). 
By Duanr Ram Verma, Rai Sans. 


The programme of the party consisted in traversing the riverain estates alone the 


PERSONNEL, 
Class I Officer. 
JW, B. Hanby, in charge from 10th February 
to 3lst August 1922. 
Class II Officer. 
Dhani Ram Verma, R.S., in charge up to 9th 
February 1922 and again from Ist September 
1922, and attached in the intervening period. 


Upper subordinate Service, 


Mr. 


Mr. Jamna Prasad, B.S. 
Ram Narayan Hastir. 
Gulab Singh, up to 4th November 1921, 


1 Supervisor. 
Lower Subordinate Service. 
33 ‘Iraversers, etc. and 22 purely temporary 
traversers etc. 


Indus, Chenab and Panjnad rivers in Muzaffar- 
garh district for cadastral survey by the Scttle- 
ment Department and survey of Lahore “ Nazul” 
land in continuation of last year’s work. 

The field season opened on the 1st October 
1921 and closed on the 25th March 1922. 

Special survey of Khaur oil fields in Attock 
district was undertaken in recess. It lasted from 
the 17th April to 27th July 1922. 

The head-quarters of the party remained at 
Lahore throughout the year. 

The health of the party was, on the whole, 
good. Several men working on the Indus suffered 
from malarial fever in the early part of the season. 
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Mr. Gulab Singh and traverser Itrat Husain were compelled to take leave from the 5th 
November 192] and 6th January 1922 respectively. Three khalasis died of malaria. 


The detail traversing on the Indus in Alipur ¢ahsi/ was carried out under Mr. Jamna 
Prasad, R.S., and in Muzaffargarh ¢ads?/ under Mr. Gulab Singh and subsequently under 
traverser Roda Ram and on the Chenab and the Panjnad in Alipur ¢ahsil under Mr. Ram 
Narayan Hastir. The hase lines on the Panjnad were laid out under Mr. Ram Narayan 
Hastir. At the request of the Settlement Officer, Muzaffargarh, the missing pillars of old 
base lines along the Indus in Alipur and Muzaffargarh tahsils were relaid under Mr. Jamna 
Prasad, R.S., and traverser Roda Ram respectively. The traversing and topography of the 
Khaur special survey was curried out by Mr. Ram Narayan Hastir himself as no surveyor 


was available. The Lahore ‘‘Nazud’’ land survey was done directly under the officer in charge 
of the party. 


During the field season the computing and masivz sections at the head-quarters were 
supervised by computer Badlu Ram and draftsman Makbul Husain respectively. 


The party continued the work of traversing and laying down base lines. 2,269 lear 
and 413 square miles of minor traverse in the Indus, Chenab and Panjnad riverain tracts in 
Muzaffargarh district were executed, 10,284 theodolite stations in 84 villages were fixed. 
213 corners of 71 squares in 246 square miles were demarcated with permanent mark-stones 
on both banks of the Panjnad river in Muzaffargarh district and Bahawalpur State, to serve 
as bases for future survey and demarcation of boundaries and fields in the bed of the river. 
27 missing stones of 9 old base lines along the Indus river in Muzaffargarh district were 
re-laid at the request of the Settlement Officer, Muzaffargarh. 1,154 plotted and 453 
boundary masdvis (settlement mapping sheets) on the scale of 1/2,640, and 28 four-inch 
theets were traced and supplied in time to the Settlement Officer, Muzaffargarh. Besides 
these, 564 boundary masdavis were partly compiled on the scale of one inch=220 feet for the 
next season’s work; and 257 miscellaneous traces were prepared, all the traverse stations 
marked during the field season were plotted on 28 four-inch sheets. 1,668 pages of field 
books and 341 of set-up forming 8 volumes of field books and 5 volumes of set-up of the 
riverain work of the year were completed. 


The minor traverse was based on the main circuits run in the previous seasons. The 
average daily out-turn per man was 6 stations and 1-382 linear miles. This low average is 
due partly to heavy line clearing along the rivers and partly to the inexperience of traversers 
newly entertained. 


The average daily out-turn of laying out base-lines per man was 3 corners. 


There was general scarcity of labour especially in the Indus riverain tract extending 
down to the confluence of the Indus and Panjnad rivers and much jungle clearing had to be 
done by khalasis. 


The following tables give full details of the riverain work completed during the 
year :— 


FIELD WORK. 


INOR ‘LBAVEKSE 


MAIN-CIRCUIT. pon. DETAIL SURGES: BAaseE-lInEs, 


& a 
% ae eee ae ee coe ree. al eee oa [eee ick ae re - 
Names oF RIVERS AND| 8 gi o= C2 | Ofn | ea | Oe] Of] OfSa | og | oO, rn 
DiSTRICTS AND SCALES.| — 2 © 8 a | Seb |/rm2]Eb| Se] SS8 1/88] “oOo | oo | REMARKS, 
wa | By | & Ses leg l£ol4,|/222/42| 28 | 24 | fs 
ef | #2 | &g | 822 |e /88| 82/288 |#e) 8 | BS | Sa 
om oe owe, = = = 
a2 [ae | ag |ae* |e" |azel|a2s ae? [a7] ae la" le 
Bey a = pe) n - 4 
i) MN 
pee eee | 
istricts M r- as 
garh and sats = ” 4 ee (ieee A eee, ieee ae See 7 | ... |*Re-embedded 
Scale 1 / 2,640. 
Indus Ricer. 
Districts Muzaffar- 16 221 | 1,226 | 5,499 | 43 6° 2 * Do. 
rh and Coals Ghazi 
han. Scale 1/2,640. 
we Hele bi River. 
istricts Muzaffar- » ; 
rarkeand nates | 36 | 116] 708 | 3,365 | 22 213 71 | 246 
State. Scale 1/2,010. | | 
Total | cee sh ae | ae | 110 | 413 | 2,269; 10,284 | 84 | 240 | 80 | 246 | 
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OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES. 


Number of 
Number of Number of | sheets traced 
Scale of plotted compiled | for the use of 
Name of river. Name of district. masdvig, |™asdris show-| masdvis show-| settlement 
ing traversed | ing riverain officers on 
points. boundaries, j|scale 4 inches 
= ]‘mile. 


sheets on 

which new 
work was. 
plotted. . 


Chenab ...| Muzaffargarh ... | 1/2,640 208 
Panjnad x ... | 1/2,640 368 
Indus st ... | 1/2,640 578 


1,154 


Besides these 257 miscellaneous traces were prepared and 564 boundary masdvis were 
partly compiled in advance for the next season’s work. 

Lahore Nazui land survey.—The survey, on the scale of 1 inch = 40 feet, undertaken 
towards the end of the previous recess at the request of the Deputy Commissioner, Lahore 
in connection with the Lahore city extension scheme was continued till the 10th November 
1921. The area surveyed till the end of September 1921 was 33°5 acres and the area of the 
remaining portion mostly consisting of the adjoining congested part of the city surveyed 
subsequently was 16-0 acres, making the total out-turn of 49:5 acres. The cost-rate for 
the area surveyed in the year under report comes to Rs. 29-4 per acre and that for the whole 
area to Rs. 14°5 per acre. 

Khaur special survey.—This was undertaken, in continuation of the last year’s work, 
for the Attock oil company at their request through the Deputy Com nissioner, Attock 
district. The work consisted in surveying on the eight-inch scale, with contours at 10 feet 
vertical intervals, the adjoining productive area to the south of the eastern extension and 
re-demarcating the boundaries of the eastern and southern extensions dealt with last year. 
The topography was based on supplementary theodolite traversing. In all, 125 theodolite 
stations were laid down and 19-07 linear miles were traversed and 6 intersected points with 
heights were fixed for detail survey and boundary demarcation. The work was commenced 
in April and finished in July 1922. An area of 0:15 square mile was surveyed. The last 
year’s survey of the central portion, area 4 square miles, was corrected at the request of the 
company, to show new works that had been completed subsequently. 

Cost-rates are as given below :— 


Traversing per linear mile oe ove ... Rs. 92:7 
Original survey per square mile », 366°7 
Supplementary survey per square mile ibs 95 172°5 


177 pages of field books forming 2 volumes and 29 pages of set-up forming 1 volume 
were completed. 4 miscellaneous traces were prepared and all the traverse stations marked 
and intersected points were plotted on the three 8-inch plot sheets of the last year’s work. 

Nature of the country.—The area dealt with by the party was of varied character. 
The riverain area under water action was broken and full of swamps and partly under 
cultivation and partly densely wooded. The Lahore “ Nazul” land was a plain waste land 
covered with low grass and road avenues with the adjoining congested part of the city. The 
Khaur mining area was characterised by low bare rocky hills and open undulating ground 
partly cultivated and partly covered with scrub jungle. 

The average errors were as follows :— 
(a) Base lines :— 
O: 69 foot per corner of a riverain base-line as compared with its theoretical value. 


Linear error in links per 


Angular error per station in seconds. lO ghar: 


(6) Minor traverses 


Indus River Se 6°30 0:67 
Chenab River ue 7°59 0-59 
Panjnad River — 7°28 0:66 


Khaur mining area__... 3°81 0:66 
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Recess Duties—(a). The computing and plotting section consisting of, on the average, 
17 draftsmen, etc., was under the supervision of Mr. Jamna Prasad, R.S., and subsequently 
under draftsman Makbul Husain. The section partly compiled 564 boundary masdcis and 
completed preliminary work on 1,565 village masdvis in advance for the next season’s work. 
Besides this it made miscellaneous traces and prepared rouch field traverse charts for the use 
of the traversers in the next field season. 

(46) The computing section consisting of on the average 12 computers, etc., was under 
the supervision of computer Badlu Ram. The section completed all traverse computations 
appertaining to the work of the year and its records detailed in the previous paragraphs. 
Besides this 5,804 pages of field books forming 19 volumes and 1,456 of set-up forming |4 
volumes of the riverain traverse of the Rajanpur tahsil (Dera Ghazi Khan) executed in seasons 
1915-19 were completed, leaving no work in arrears. 

(c) The triangulation and traverse chart section consisting of on the average 10 
computers and draftsmen was formed from the 21st July 1922 and put under the supervision 
of Mr. Jamna Prasad, R.S. The secticn compiled data of the old Lower Bari Doab work 
for incorporation in the manuscript charts for the devree sheets 43/Land 4+/B.C.E.F.G 
undertaken last year. It is intended to complete them in the ensuing field season. 

The total expenditure of the party from the Ist October 1921 to the 30th September 
1922 was Rs. 1,07,121, as detailed below :— 

(a) Riverain survey ; — sis ... Rs. 1,02,661 

(5) Lahore town traverse, additional debit wis ae ss 1,477 

(c) Lahore “ Nazul” land survey... - ieee Sane By 470 

(2) Khaur special survey ‘a a ‘ 2,513 

Inspections.—The Superintendent, Northern Circle, inspected the party in the field on 
the llth December and at its head-quarters at Lahore from the 19th to the 2let 
December 1921. 


No. 23 (PUNJAB RECTANGULATION) PARTY (Late SIND-SAGAR 
PARTY) (PUNJAB). 
By Masor R. Foster, I. A. 


The party was employed on rectangular demarcation in connection with the Punjab 
Government Sutlej Valley Canal and Colonisation 


BERS OUNE Project consisting of :— 
Glass tO Ticee: (a) Traversing for the location of the corners 
Major R. Foster, I. A., in charge. of 2,400-acre rectangles in parts of sheets 


39 O/2.3.5.6.7.10.11.13.14, 44C/1.2, 44 1/.11.12.15.16, and 


Class II Officers, 
44 G/1.2.5.6. 


Mr. J.C.C. Lears, up to 15th September 1922, 


» ©. O, Picard, from Ist beptember 1922. (4) Location of the corners of 2,400-acre 
» D.N. Banerjee. rectangles from the traversed points, base lines, and 
Vener Subordindle-Settion: village trijunctions in parts of sheets 39 O/2,3.5.6.7. 


Mr. Lakshmi Dutt Joshi, from 19th July 1922, '0-11-18.14, 44 B/'s.11.12.15.16, 44 C/1,5.9.13, +4 F/ 2.3.4. 
» Amrit Ram. 7.8, and 44 G/1.2.5.6. 

2 Supervisors. (ec) Subdemareation of 2,L0C-acre rectangles 
into 25-acre rectangles in the area falling in sheets 
44 B/4g and 44 C/1.5 and into 100-acre rectangles 
in the area falling in sheets 39 O/ 5.6.7.10.13.14, 
44 B/s 11.12.15.16, 44 C/1.5.9.13 and 44 F/23.4, 

The locale of operations was the tract between the old bed of the Beas and the Sutlej 
rivers in the Multan and Montgomery districts of the Punjab. Except for a cultivated 
strip along the latter, the country is a flat plain covered with scrub jungle, thick only in 
those parts which are reserved as Government “ Rakhs”. The Bahawalpur and Minchinabad 
tahsils of Bahawalpur State are well cultivated in the north, and consist of a dry plain 
covered with scrub in the south. 

‘The head-quarters of the party closed at Mussoorie on 10th October 1921, and opened 
in the field at Multan Cantonment on 20th October 1921; the party closed its field season on 
8th May 1922, and re-opened in Mussoorie on 17th May 1922. At the commencement of the 
field season the party was divided into 4 camps; from Ist December 1921 into 5 camps, and 
from 21st February 1922 into 6 camps. 


Lower Subordinate Service. 


17 Surveyors, etc. 
76 Purely Temporary Traversers. 
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The health of the party was fair. The number of khalasis was large, and, partly 
through the failure of the blanket contractor, partly through the ignorance of the khalasis 
in not reporting sick, a large number fell ill with pneumonia, and, during the season 8 
khalasis died, chiefly from this cause. One khalasi died from the effect of a wound accidentally 
inflicted by a traverser with a shotgun. 

Traversing.—The nature of the country traversed varied from waterless tracts covered 
with scrub jungle to fairly thickly cultivated plains. 

Traversing to fix corners of 2,400-acre rectangles was carried out by No. 4 Camp, 
consisting of § traversers under Mr. Amrit Ram, Lines were run for the purpose of laying 
down temporary marks near the 2,400-acre corners, and connected, in the area falling in the 
Multan district, to previous triangulation carried out by this party and riverain base lines 
laid down by No. 22 Party and in Bahawalpur State to the Sutlej Meridional Series. 1,643-2 
linear miles were traversed, 3,112 stations observed at and 43 azimuths were observed. The 
cost-rate amounted to Rs. 26°9 per linear mile. 

Rectangulation.—The nature of the een rectangulated is the same as in the area 
mentioned above. : 

The work consisted of (1) location on vie ground of main corners of 2,400-acre a 
angles by means of traverse base(lines and village trijunctions. previously laid down, and the 
temporary stations fixed by traverse (2) location on the ground of 25-acre and 100-acre cory 
ners on the long sides of 2,400-acre rectangles by means of theodolite, short and long chains 
(3) subdemarcation of 2,400-acre rectangles into 25-acre and 100-acre rectangles. Al] corners 
were marked by flat topped stone pillars, 6 inches square and 30 inches long, embedded up to 
21 inches in the ground. 

In the previous year the party carried out subdemarcation to 25-acre rectangles, but 
this vear it was decided, to enable this party to complete the whole area of the project in 
3 field seasons, that subdemarecation to 100-acre rectangles only should be carried out. This 
was done except for an area of 157-1 square miles in which the 25-acre corners on the long 
side of 2,400-acre rectangles Lad been laid out the previous vear, which was subdemarcated to 
25-acre rectangles. 

5U per cent of the work was tested by 5,137-7 linear miles partalled. 

No. 4 Camp. under Mr. Amrit Ram, besides carrying out traversing, located 443 main 
corners of 2.400-acre rectangles. 

No. 1 Camp, under Mr. J.C. C. Lears, with 10 traversers laid out 203 main corners of 
2,400-acre rectangles and 1,619 100-acre corners on the long side of.2,400-acre rectangles. 

No. 2 Camp, under Mr. Gurditta Ram, Assistant Engineer, P. W.D., attached, with 
from 22 to 32 traversers laid out 1,128 25-acre corners and 2,835 100-acre corners on the in- 
terior sides and No. 3 Camp under Mr. Girdhari Lal Bhola, Assistant Engineer, P. W. D., 
attached, with from 19 to 30 traversers laid out 1,305 25-acre corners and 2,632 100-aere 
corners on the interior side. 

No. 5 Camp was formed of 13 to 17 traversers under Mr. D.N. Banerjee on Ist 
December 1921, after that officer had completed the training of the new traversers and the 
two Assistant Engineers. It carried out demarcation of long:sides of 2,400-acre rectangles 
and laid out 2,732 100-acre corners. sO . 

No. 6 Camp was formed of 7 traversers under Mr. M.H. Punwani, Supervisor, on 
21st February 1922, after that officer had completed his training, and carried out demarcation 
of long sides of 2,400-acre rectangles, laying out 549 100-acre corners. 

The out-turn of the party for the season is as follows :— 

6146 main corners of 2,400-acre rectangles, 10,367 100-acre corners and 2,433 25-acre corners 
located 9,159 100-acre rectangles, and 4,020 2-acre rectangles laid out, comprising a total 
of 1,588°2 square miles. 

The cost-rate of rectangulation is Rs. 181°2 per square-mile or Re. 0:28 per acre. 

Recess Duties.—The strength of the party was considerably reduced in recess, all. 
the purely temporary staff being sent on leave. 

No. 1 Section, under Mr. J.C. C. Lears, assisted by Mr. Indar Singh Supervisor, and. 
5 surveyors etc., and No. 2 Section, under Mr. D. N. Banerjee, assisted by Mr. M. H. Punwani 
Supervisor, and 5 traversers, took up the compilation of masdvzs and drawing of index maps. 

No. 3 Section, under Mr. Amrit Ram, with 5 computers, completed the computation 
of the currentfseason’s traverse, and plotted the traverse stations on to masdvzs in preparation 
for the next season. 

Inspections,x—The Superintendent, Northern Circle, inspected the party in the field from 
12th to 18th{December 1921 and frequently in recess. The Surveyor General of India accom- 
panied by the Superintendent, Northern Circle, inspected the party in recess in April 1922, 
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THE BHOPAL TRAVERSE DETACHMENT. 
By Maya Das Puri, Rar Sani. 


The detachment was formed on the 18th October 1921 to traverse village boundaries 
for the cadastral survey of the Bhopal State, on the 


PERSONNEL. sixteen-inch scale. As the Government of India’s 
Class II Officer. sanction for the formation of the detachment was 
Mr. Maya Das Pari, R.S., in charge. not received till late in the season, the first two 
Upper Subordinate Service. months were spent in making preliminary arrange- 
Mr, Nabidad Khan, from the Ist November ments. 


1921. 
Lower Subordinate Service. 
5 Traversers, Computers, etc. and 11 purely 
temporary traversers etc, 


The office at Mussoorie was closed on the 1]th 
November ]y21 and opened on the 21st November 
1921 at Bhopal where it remained till the close of 
the season. The field operations were closed on the 
3lst May 1922. 


During the field the traversers emploved on main circuits, as well as the computing 
section were supervised by the Officer in charge; and the new traversers under training 
divided into two camps under Mr. Nabidad Khan, Sub-Assistant Superintendent, and 
Harkishan Das, traverser. In recess the computing section was directly under the Officer in 
charge, while the plotting section was supervised by Mr. Nabidad Khan. 


The Bhopal Durtbér desired that local men should be employed oi the work, as far as 
possible, and intimated that /Aa/is’s could be obtained at cheap rates. For this reason only 
a few trained lower subordinates were transferred to the detachment, while all the other 
hands were to be locally entertained and trained. Khalasis however proved to be unobtainable 
locally, and eventually had to be imported from outside the State, on account of which there 
was a delay of nearly a month. 


On the 30th November 1921 at the request of the Revenue Minister, Bhopal, the 
proposed locale of operations was changed and the Duraha édahsi/ of the northern district was 
decided on as the area in which work should be commenced. Owing to this change in 
programme, the orders regarding the demarcation of village boundaries and to afford 
assistance to the detachment were late in arriving and considerable trouble was, at first, 
experienced in obtaining local labour and conveyance and in tracing out village boundaries 
on the ground. 


Where the boundaries were not traceable, points were thrown about 25 chains apart 
on both sides of the alignment pointed out by villagers. In large villages, sub-circuits were 
run in the interior about half a mile apart to aid in the detail survey, and for the same reason 
two or three dressed stones were embedded along the boundaries of each village to serve as 
permanent marks. 


In all, 936 linear miles of main and sub-circuits were executed, and 3,987 theodolite 
stations laid out in 327 square miles along the boundaries and interior of 165 villages; and 
235 dressed stones embedded on the theodolite stations. 


359 sheets (size of a sheet being 20 inches x 28 inches) were plotted on the sixteen-inch 
scale, 24 four-inch sheets were traced, and the areas of 169 polygons were computed by 
universal theorem and planimeter. These were supplied to the State authorities during the 
year. Besides this, several miscellaneous traces were prepared, and all the work done during 
the year, was plotted on the four-inch scale. 


The work was entirely based on Great Trigonometrical values. Main circuits were 
run between G.T. stations over favourable ground with a 330-foot crinoline tape and a 6-inch 
theodolite; and were connected with Manaabhar H.S., Tuna H.S., Singpur H.S., Mahadeo 
H.S., Ramtek H.S., Kushamdi H.S., Barli H.S., Panbiar H.S. and Talai Tonk H.S. In 
sub-circuits along village boundaries generally, 5” theodolites and two chains 66 and 100 feet 
long were used. : 


The nature of ground under survey was undulating, hilly, interspersed with rocky 
knolls, partly covered with dense jungle and partly well cultivated. 
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As no medical aid was available in the area under survey, there being no dispensary 
in the éahsi/, all patients had to be brought to Bhopal for treatment. Several men fell sick 
specially at the end of the tield season due to heat and malaria but all recovered. 


The average errors of the work are :— 


Angular 

error per | Linear errer in links 
stviion in per 10 chatius. 
seconds. 


(a) Main cirenits 
(0) Minor traverses 


The total expenditure of the detachment including contribution towards pension from 
the 18th October 1921 to the 30th September 1922 was Rs. 59,046. 


Lnspections.—The detachment was inspected by the Superintendent, Northern Circle, 
on the 27th and 28th July 1922. 
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SOUTHERN CIRCLE. 
(Vide Index Map No. 1). 


Summary.—This circle was under the superintendence of Colonel H.H. Turner, R. E., 
up to 17th April 1922, and again from 30th May 1922 to 9th August 1922, under Lieut.- 
Colonel C.P. Gunter, O.B.E., R.E., from 18th April 1922 to 29th May 1922 and again from 
10th August 1922. It comprised Nos. 5, 6, 7 and 8 Parties, No. 4 Drawing Office, Record 
Section and the Training Section. 

During the year Nos. 5, 6, 7 ana 8 Parties completed 21,961 square miles of detail 
survey and 9,869 square miles of triangulation. During recess the fair-mapping of the area 
surveyed was taken up and will be completed before the parties proceed to the field. 

The detail survey consisted of :— 

7,916 square miles of half-inch original survey. 
365, »» 9 half-inch supplementary survey. 


6,906 __,, yy yy ONe-inch original survey. 

3,356 ___,, 9» yy ODe-Inch revision survey. 

2,763 =a, »»  » ONe-Inch supplementary survey. 
278 ~=C«a, »» 99 ONe-inch original forest survey. 
353 Ca, »» 9, tWo-inch original forest survey. 

14 ,, »» 99 four-inch original forest survey. 


No. 20 Party (Cantonment) on completion of its programme in the Southern Command 
was placed under the administrative control of the Superintendent, Northern Circle from the 
Ist April 1922. 

The Mysore - South Kanara Boundary demarcation was continued but not completed. 

The Training Section, composed of Upper Subordinate probationers and pew 
surveyors, worked throughout the year. 

A survey course for Artillery officers was completed in September. 

The following work was completed by the Photo-Zinco Section of No. 4 Drawing 


Office :— 
Reproductions en wea 212 
Enlargements a. i 195 
Reductions re 221 
Vandyke plates peepated e . ie 183 
Prints pulled ss .. 7,057 © 


The Record Section submitted for publication 6 trianculation pamphlets and com- 
- pleted data for 8 triangulation pamphlets for record in the circle office. 

Nos. 5, 6, 7 and 8 Parties and the Training Section were inspected once.in the field 
and on several occasions during recess by the Superintendent, Southern Circle. 


No. 5 PARTY (CENTRAL INDIA, CENTRAL PROVINCES AND GWALIOR). 
By Magor F. B. Scort, I. A. 

This party completed the detail survey on the 4-inch scale of sheets 46 N/nx. and 
PERSON REL: 46 N/sk. less 46 N/ig and isolated portions of 
Class I Officers. Indore State forests, on the l-inch scale of sheets 
Major F. B. Scott, 1. A..in charge from 4th Feb- 55 B/3.7.8.11.12.15.16 and 55 F/3.4.8 and isolated 
ruary 1922. portions of Indore State forests in sheets 46 N/ 
Captain G. Lennox, J.A., in charge to 8rd Feb- 55 and on the 4-inch scale of small blocks of 


nine oe Class IL Officers. reserved forests in sheets 55 B/1s, 55 F/1.7.8.11 
Mr. J. H. 8. Wilson from Ist February 1922. and 55 J/2. 
» F.C. Pilcher. | . The country consists of well cultivated 
aK. We Sanith:to:11th February 1822+ wooded plains and intricate jungle-clad hills. 
J. A, Calvert to Lith January 1922. 
; Mahammad Najamuddin, B. A. (on probation) The field season opened on the 20th October 
Upper Subordinate Service. 1921 and closed on the Ist April 1922. The 

Mr. P. 8. Vengusvami to 17th September 122. field head-quarters was at Khandwa. 

: - ‘ aa aac The health of the party was not very good, 

. A. abral. 


ray 1 oO . 
M. K. Sharma (on probation). a number of surveyors suffering from fever. 


Lower Subordinate Service. Plane-tabling—The area surveyed on the 


37 Surveyors, etc. 4-inch scale comprises the Malwa plateau, open 
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cultivated country, in the north, the Vindhya Range, consisting of intricate jungle-clad hills, 
in the centre, and the Narbada valley, well cultivated and wooded, in the south. 

The area surveyed on the l-inch scale consists of the valley of the Narbada river, 
densely wooded and broken ground, and cultivated and wooded plains to the south of the 
river. 


The work was divided into three camps as under :— 


No. I Camp.—Under Mr. F.C. Pilcher, with one Upper Subordinate officer and 
eleven surveyors carried out original survey on the 4-inch scale of sheets 46 N/nE. and 
46 N/si. less sheet 46 N/16 and original survey on the 1-inch scale of 278 square miles of 
Indore State forests in these sheets. 


No. II Camp.—Under Mr. F. W. Smith till the 11th February 1922 and then under 
Mr. J. H.S. Wilson, with twelve surveyors carried out original and supplementary survey 
on the J-inch scale of sheets 55 B/is.16 and 55 F/3.4.8, and original survey on the 4-inch 
scale of small blocks of reserved forest in sheets 55 B/15, 55 F/a.7.8.11 and 55 J/2, 


No. I1I Camvu.—Under Mr. P.S. Vengusvami till the 22nd February 1922 and then 
under Mr. Najamuddin, with one Upper Subordinate officer and eleven surveyors carried out 
original and supplementary survey on the l-inch scale of sheets 55 B/3.7.8.11.12. 


The original survey calls for no special note. The l-inch supplementary survey was 
carried out by transferring photographic reductions of 4-inch forest surveys to the plane-table 
sections and checking the detail on the ground. 


Trianyulatton.—Subsidiary triangulation was carried out by surveyor Nur Muham- 
mad in sheets 46 N/Nw.sw., 55 B/nw. and 55 B/ng. less 55 B/13, and by Mr. Vengusvami 
in sheets 55 B/iz, 55 F/nw. and 55 F/nr. (north half}, for survey on the 34-inch scale 
except for isolated portions of Indore State forest on the l-inch scale. The country triangula- 
ted consists of open undulating cultivated plains in the north, intricate jungle-clad hills of 
the Vindhya Range in the centre and the valley of the Narbada river in the south. 

Recess Duties —(a) The fair-mapping and typing was divided into three sections as 
under :— 

No. I Section —Under Mr. J.H.S. Wilson drew 1-inch sheets 55 B/s.12.15.16 and 
55 F/s.4.8. | 3 ; | 

No. II Section.— Under Mr. F.C. Pilcher drew 4-inch sheets 46 N/ NESE. and l-inch 
sheets 55 B/3.7 and 290-11 square miles of Indore State forests on the ]-inch scale. 

Typing and Training Section.—Captain G. Lennox was in charge of the typing of 
the party and the training of young surveyors. 

There will be no arrears of fair-mapping by the end of recess. | 

The fair-mapping of sheet 55 B/11 was not undertaken as large errors were found and 
a part of the area will have to be re-surveyed. 

(6) All computations have been completed, with the exception of the synopsis of sheet 
55 N. | 

The party was inspected both in the field and recess by the Superintendent, Southern 
Circle. ~~ * 


No. 6 PARTY (HYDERABAD). 
By Captain J. K, Dovetas, R. E. 


This party completed the detail survey on the 4-inch scale of sheets 56 D/nx.,, 
56 H/nw, sw. NE. SE, and 56 L/nw. This area 
included 865 square miles of reserved forests 
Class 1 Officers. previously surveyed on the 2-inch scale. 4-inch 
Lieut.-Colonel C. P. Gunter, 0.B.E., R.E, in eductions were used and found correct. 
charge from 3rd October 1921 to 17th 
April 1922 and from 30:h May to 9th The field season opened on the 28th October 
August 1922. 1921 and closed on the 4th April 1922, The 


Captain J. K. Douglas, R.E. (on probation), from fiejq head-quarter eek 
: s were at Secu ; 
17th October 1921 to 19th March 1922 d cunderabad 


and from Ist May 1922; in charge from 
lst May to 29th May 1922 and from 10th The health of the party was good on the 


August 1922, whole, 2 menials died of cholera, 


PERSONNEL. 
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Class II Officers. 


Mr. H.B. Simons to 17th October 1921; in charge 
from lst t» 2nd October 1921. 
» K.A. Meyer, from 10th Jnnuary 1922 and in 
charge from 18th April to 30th April 1922. 
J.C. St. C. Pollett, from 17th October 1921. 
» .N. Natesan, B.A. 
Upper Subordinate Service. 
Mr. K.G. Mandanna. 
D.R. Vohra, from 14th October to 30th De- 
cember 1921, 
T. S. Narayanan, B.A. (on probation), from 
22nd May 1922. 


Lower Subordinate Service. 


” 
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Plane-tabling.— Most of the country is open, 
undulating and cultivated with portions of hilly 
and somewhat intricate ground covered with low 
scrub and stones. The reserved forest areas 
consist of hills more or less densely wooded. 

The work was divided as follows :— 

No. 1 Camp, first under Captain Douglas, 
R.E., with one Upper Subordinate officer for a 
short period and then under Mr. E.A. Meyer with 
9 surveyors and Captain Douglas who was under 
instruction in plane-tabling completed the 4-inch 
original survey of sheets 56 D/ng.and 56 H/xw. 


No. 2 Camp, under Mr. J.C. St. C. Pollett 


with 9 surveyors completed the 4-inch original survey of sheets 56 H/skE. sw. 

No. 3 Camp, under Mr. E.N. Natesan, B.A., with 8 surveyors completed the 4-inch 
original survey of sheets 56 H/nx, and 56 L/xw, 

The total area surveyed was 6,635 square miles which includes 365 square miles of 
supplementary survey in which }-inch reductions from 2-inch forest maps previously executed . 
were used. The reductions were tested by various 7 s/w fixings and found correct. 

The whole of the area surveyed is in Hyderabad State. 

Trtangulation.—Thke work consisted solely of supplementary triangulation in the 
Amrabad, Devarkonda and Mirialguda Forest areas, in the Mahbabnagar and Nalgonda 


districts. 


The country consists mainly of thickly wooded hills. 
square miles of supplementary triangulation. 


bad State. 


Mr. Mandanna completed 690 
The whole of the area concerned is in Hydera- 


Traversing.—No traversing was carried out. 

Recess Duties.—The fair-mapping was divided as follows :— 

No. 1 Section, under Mr. Meyer, 4-inch sheets 56 D/xn.and 56 H/xw. 

No. 2 Section, under Mr. Pollett, 4-inch sheets 56 H/sw. and 56 H/sk. 

No. 3 Sectron, under Mr. Natesan, }-inch sheets 56 H/nx.and 56 L/nw., and l-inch 
sheets 57 G/1o0, 14 surveyed by the Training Section. 

All the above sheets have been submitted for publication. 

‘The computations of the supplementary triangulation were completed during recess. 


The arrears of computations consist of sheets 56 O/1.9.5.6.9.10, which will be taken up 
as soon as sheets 56 O/13.14 have been triangulated. 
Triangulation charts of 56 D and H have been taken in hand. 


No. 7 PARTY (MADRAS). 


By Masor J.D. Campseit, D.S.O., R. E. 
‘This party completed the detail survey on the 1-inch and 2-inch scales of sheets 


PERSONNEL. 
: Claas I Officers. 
Major J. D. Campbell, D.S.0., R.E., in charge. 
Captain G. W. Gemmell, I.4. (on probation), from 
15th January 1922. 
Lieutenant G. Bomford, R.E. (on probation), from 
l5th January to 2nd August 1922, 
Class II Officers. 
Mr. F.H. Grant. 
A. F. Murpby. 
N.S. Harihara lyer. 
T. O. Threlfall (on probation). 
Upper Subordinate Service. 


a 
” 


9 


Mr. K. Narayanasvami Chetti. 

Shib Lal, R.8. 

Shadi Lal Dube. 

K. B. Muthanna (on probation). 


Lower Subordinate Service. 


"9 
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57 I/1.2.3.4.5.6.7.8.9.10.11.12.13.14.15.16 and 57 J/1.5; 
and of the areas falling in the Madras Presideney 
in sheets 56 L/s.1216 and 56 P/49.14 not pre- 
viously surveyed on the 2-inch scale, also certain 
reserved forests falling partly or wholly in sheets 
57 E/i4is and 57 J/2.6 on the 2-inch scale. 


The nature of the country generally com- 
prised cultivated open expanses of level or undulat- 
ing land, rocky scrub covered hills and the forest 
clad ranges of the Nallamalais and Erramalas. 


The office of the party opened at Kurnool, 
the field head-quarters, on the 1st November 1921. 
The office was closed at Kurnool on the 4th April 
1922 and opened at Nandyal on the 6th April 
1922 and finally closed at Nandyal on the 17th 
April 1922 and reopened at Bangalore on the 
24th April 1922, There was practically no rain 
during the field season. 
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: The health of the party was fair only, the forest tracts of the Nallamalais and Erramalas 
being notoriously feverish. 

| There was an average absence of about two surveyors from this cause doring t the 
field season. 

Plaxe-tabling.—The country surveyed is partly flat or slightly undulating, open and 
cultivated, the cultivation being mainly dry. The minor fhills are rocky and bare with a 
little serub. The reserved forests in the higher ranges are covered with bamboo and other 
jungle of varying density. 

The survey presented no difficulties, chaining having seldom to be resorted to. Work 
was done on blue prints on mounted straw boards of both Madras Revenue work and 4-inch 
Forest surveys. In the case of the latter, l-inch reductions were printed in blue and detail 
required on that scale inked up. Contours were accepted to a greater extent than hitherto 
and were inked up on the blue print reductions. Information was obtained from the Forest 
Department as to where new work was to be expected and the 4-inch maps were accepted except 
(a) where additions or alterations were ascertained to have been made since the 4-inch survey 
(b) where contouring was known to be doubtful owing to its not agreeing with the heights, on 
the 4-inch maps (c) Heights destined to appear on the fair shects were checked and revised. 

The work was divided into five camps as follows:— 

No. 1 Camp.—Under Mr. F.H. Grant, head-quarters Atmakar, with 6 surveyors, com- 
pleted sheets 56 L/s.12.16, 56 P/4gi4 and 57 I/o13, The work in this camp was mainly 
supplementary, (* to Madras—Hvderabad boundary only). 

No. 2 Camp.—Under Mr. A.F. Murphy, head-quarters Nandyal, with 8 surveyors, 
completed l-inch survey in sheets 57 I/2.3.1.6.7.8 and some 2-inch work in 57 I/3.14. 

No. 3 Camp.—Under Mr. K. Narayanasvami Chetti, head-quarters Giddalar with 7 
surveyors, completed sheets 57 T/10.11.12.14.15.16 and some 2-inch work in 57 I/12.15.16, The 
work of this camp was mainly supplementary. 

No. 4 Camp.—Under R.S. Shib Lal, head-quarters, Kurnool, with one surveyor and 
6 pupils, completed sheets 57 I/1.5, 57 J/i.5 and some 2-inech work in 57 J/26. This camp 
was strengthened towards the close of the field season when surveyors were available from 
other camps. | 

No. 5 Camn.—Under Mr. T. O. Threlfall, head-quarters Betamcherla with 7 surveyors 
completed 2-inch survey in sheets 57 I/23.6.7 with some areas falling in 57E/14.15, 

Two Class I officers, Captain Gemmell, I. A., and Lieutenant Bomford, R. E. joined 
the party in January 1922 and carried out plane-tabling in Camp IV area during the remain- 
der of the field season. 

Trianyulation.—There were three triangulators as follows :— 

Mr. N.S. Harthara Iver who triangulated 1,827 square miles in sheets 57 J/ 11.12.15.16, 
and 57 K/9.1314.15.16, Mr. Shadi Lal Dube 2,018 square miles in sheets 57 J/3.4.7.8 and 57 K/ 
1.256 and survevor I[ltifat Husain who commenced in January 1922 and triangulated 617 
square miles in 57 K/7.10 11.12. The country triangulated is much like that surveyed except 
that rocky serub covered hills are much more numerous and extensive. 

Recess Duties.—(a) The fair-mapping was divided into four sections as follows :— 

No. 1 Section.—Under Mr. Grant, and afterwards Mr. Claudius, sheets 66 L/s.12.16, 
56 P/as.i4 and 57 I/y.13. 

No. 2 Section —Under Mr. Murphy, sheets 57 1/3.4.6.7.8 10. 

No. 3 Section—Under Mr. Narayanasvami Chetti, sheets 57 I/11.12.14.15.16. 

No. 4 Secti’on.—Under Mr. Shib Lal, R.S., sheets 57 I/1.2.5 and 57 J/15. 

(4) Computations have been brought practically up to date by a section of varying 

gtreneth under Lieut. Bomford, R. E., and afterwards Captain Gemmell, [. A. 
; (¢) Preparations for the field.—These have differed slightly from previous years in 
that instead of, as hitherto, obtaining blue print reductions of 4-inch forest work and inking 
up the necessary-~detail preparatory to re-photography, black prints have been obtained after 
thickening up the 250 contours on the original 4-inch maps. Where this could not be done 
owing, as is frequently the case, to the contours not agreeing with the heights, the 250 
contour has been left unemphasized and the areas will be recontoured on the ground. The 
black print reductions have been mounted, together with prints of the old Mysore 1-inch 
maps, on the Madras Revenue Survey sheets and the whole photographed to obtain blue 
prints for plane-tables. This system is satisfactory and has saved immense labour in inking 
up blue reductions. 
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No. 8 PABTY (BOMBAY AND MADRAS). 
By Lievt.-Cotonet M. O’C..Tanny,. D.S.O., O B.E., B.E. 


(- The party completed the survey of 4,555 square miles on the l-inch scale in sheets 
58 F/11.12.15.16, 47 F/9,10.11.12.13.14.15.16, 47 J/3.4.7.8. 


The field season opened with head-quarters 
Class I Officers. at Kirkee on 22nd November 1921 and closed 
Lieut.-Colonel M.O'C. Tandy, D.8.0., 0.B.E. there on 10th April 1922, but Camp No. 1 in 

R.E., in charge, except while on leave from Madras did not complete field work until 27th 

eee 2 ae en ere April. With the exception of one surveyor in 
Captnin J.K. Douglas. R.E. (on probation), in ; ; 
| charge from 23rd March to 30th Apiil 1922, the Madras sc who had to be sent on medical 
leave early in the season on account of malaria 


the health of the party was excellent. 


PRRSONNEL, 


Class II Officers. 


Mr. M. Mahadeva Mudaliar, M.A. 
‘,, BT. Wyatt. 
», M.S. Ganesa Aiyar. 


The area surveyed in Madras consisted of 
almost equal proportions of highly cultivated 
plains and of forest-clad hills rising to about 


Upper Subordinate Service. 7.000 feet. 
Mr. eke a The country surveyed in the Bombay Presi- 
"  Abdnt Ghafar. “a deney ineluded portions of the Western Ghats 
Janam Raj Chibbar (on probation). rising to about 4,000 feet and the bold spurs 


stretching eastwards from the Ghats to the more 
open and cultivated areas to the east. 


Lower Subordinate Service, 


42 Surveyors, etc. - 
; sa In the Madras area original survey was 


carried out on blue prints of the Madras Revenue Surveys and supplementary survey on 
blue prints of one-inch reductions of the old 4-inch forest maps of the Survey of India. 
In the Bombay area revision survey was carried out on blue prints of the departmental maps 
surveyed about 40 years ago. 


Field work was divided in 4 camps. 


No. 1 Camp.—Under Mr. M. Mahadeva Mudaliar, assisted by Mr. Abdul Ghafur with 
11 surveyors completed 970 square miles of original survey and 199 square miles of supple- 


mentary survey in sheets 58 F/11.12.15.16, the supplementary triangulation in 58 I'/15 being 
done by Mr. Abdul Ghafur. 


No. 2 Camp.—Under Mr. B. T. Wyatt with Mr. Janam Raj Chibbar and at first 
10 and later on 7 surveyors completed 1,126 square miles of revision survey in sheets 
47 F/9.10.13.14, this area including Poona City and Cantonment and Kirkee. 


«© =: No. 3 Camp.—Under Mr. M.S. Ganesa Aiyar, assisted by Mr. H. Narasimhamurti Rao 
swith at first 13 and later on 12 surveyors completed 1,412 square miles of revision survey 
in sheets 47 F/15 and 47 J/3.4.7.8. 


No. 4 Camp.—Under Mr. Shaikh Muhammad Salik took the field with 5 surveyors 
and was subsequently strenethened by the transfer of 3 survevors from camps Nos. 2 and 3: 
this camp completed the revision survey of 847 syuare miles in sheets 47 F/ 11.12.16, 


Supplementary triangulation to provide a few extra heights in 48 F/15 was carried ont 
during the first month of the field season. 
Recess Dutres.—The fair-mapping was divided into 3 sections :-— 


No. 1 Sectionn—Under Mr. M. Mahadeva Mudaliar (on leave from Ist June 1922 
to 3lst August 1922) and assisted by Mr. Abdul Ghafur, sheets 58 F/11, 12, 15. 16, 


No. 2 Section.--Under Mr. B. T. Wvatt assisted by Mr. Shaikh Muhammad Salik (on 
leave from 2nd August 1922 to 30th September 1922), sheets 47 F'/g9.10. 11.12. 13.14. 


No. 3 Section.—Under Mr. M. S. Ganesa Alyar assisted for the first month of recess 
by Mr. H. Narasimhamurti Rao, sheets 47 F/15.16 and 47 J/3.4.7.8, Mr. Narasimhamurti Rao 
cwas employed during the last 4 months of recess in charge of a section revising the heights 
as projecting and plotting plane-tables for the coming season’s work. 


All fair drawing will be completed before the party takes the field but the final 
examination of some of the sheets will have to be completed at field head-quarters. * 
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TRAINING SECTION. 


By S.S. McA’F. Fievprne. 


Of the 20 pupil surveyors, 3 had been recruited the previous season but had been 


PERSONNEL. 


Ciass II Officers. 


Mr. 8.8. McA’F, Fielding, in charge. 


99 


V.W. Morton, up to 12th February 1922. 


Upper Subordinate Probationers, 2nd year. 
. Suresh Chandra Chatterjee, B. Sc. 


Abani Kumar Sen Gupta. 
Dalip Singh Gandhi. 
Narayana Chandra Ray. 
T.S. Narayanan, B.A. 


Upper Subordinate Probationers, 1st year. 


Abdul Ghaui Qureshi. 

Bhudeb Batabyal. 

I.K. Ponnappa. 

Nilratan Chowdhury. 

P. Rajamanikkam. 

Satyendra Chandra Chakrabarti. 
Kiran Chandra Sen Gupta. 
Abdul Jabbar. 

Narendra Nath Ganguli. 


Lower Subordinate Service. 


8 lst Class Surveyors. 
20 Pupil Surveyors. 


retained in No. 4 Drawing Office, the remaining 
17 had been recruited between January and March 
1921, and had received some training in drawing 
in No. 4 Drawing Office. 

They were transferred to the Section in May 
and received preliminary training in drawing and 
plane-tabling in Bangalore throughout the recess 


’ geason in 1921. 


Five Upper Subordinate probationers recruited 
in January 1921, had completed one course but 
were not considered efficient plane-tablers at the 
end of their field season in May, and were retained 
for further training in plane-tabling. 

A new class of 9 Upper Subordinate pro- 
bationers was entertained in October 1921. One 
probationer resigned almost immediately before 
taking the field, and one more joined early in 
November. 

The section took the field on the 2nd Nov- 
ember and proceeded to the field head-quarters at 
Srinivaspur in the Kolar district. The new class 
of Upper Subordinate probationers remained in 
Bangalore till the 15th November with Mr. Morton 


and one Ist class surveyor, to receive some preliminary training and to allow them time for 
preparation. 
The area selected for survey was sheet 57 K/s for pupil surveyors and Upper Sub- 
ordinate probationers 2nd year, and 57 K/4 for the new class of Upper Subordinates, with 
head-quarters at Kolar town. 
Sheet 57 K/3 was a suitable sheet for instructicn on the whole though it was found 
that the eastern portion was too low lying and heavily wooded, with trigonometrical points 
scarce. The western portion is fairly open, undulating and contains groups of hills suitable 
for instruction in sketching and contouring. 

Communications (main roads and a light railway running through the sheet) were 


exc 


of 


in 


sheet 57 K/3 was completed. 


ellent and every assistance was given when required by the local authorities. 


The whole 


Six pupil surveyors were discharged or allowed to resign as they were found unsuitable. 
In addition to 57 K/s, the portions left unsurveyed in the previous season in K/4 were 
completed by two Upper Subordinates (2nd year) on the one-inch scale. 

The average out-turn for the season was as follows :— 

Upper Subordinate probationers 2nd year (14-inch) 32 square miles. 


93 33 99 
Pupil surveyors 14-inch 


The camp of the Ist year class o 


57 K/4 throughout the season. 


(l-inch) 32 ‘ 
a+ ” 


2) 


f Upper Subordinate probationers remained at Kolar 
They were given preliminary instruction in plane-tabling, 


the use of a theodolite (reading rounds of angles temporary and permanent adjustments etc.) 


and were then put through a course of triangulation. 
37 square miles with 5 stations based on a G. T. base. 


imately 
the remainder being employed on plane-tabling. On completion 


triangulated at one time, 


The area triangulated was approx- 
Four men (working in pairs) 


of the triangulation all were put on to plane-tabling over an area of about 80 square miles- 


consisting 0 
4, probationers were allowed to 


f plains and hills in the neighbourhood of head-quarters. 
resign their appointments, being considered unsuitable. 


During the season 


In February Mr. Morton was transferred from the section, and the head-quarters 
of the section was transferred from Srinivaspur to Kolar. 
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The field season closed at the end of April and the section returned to recess quarters 
in Bangalore. The health of all members throughout the season had been fairly good. One 
menial died from natural causes. There was a good deal of fever of a mild type among 
the menials in the months of March and April but all were successfully treated in the local 
hospital. A case of small-pox in a pupils squad, in April delayed the return to recess 
quarters of some pupils for about 10 days. 

Immediately on return to recess quarters, the five Upper Subordinates of the 2nd year, 
were transferred to various circles. 

‘'wo more pupil surveyors were discharged, which reduced the strength of the section to 


5 Upper Subordinates, 
12 Pupil Surveyors. 

The Upper Subordinates continued and completed their instruction in theodolite tra- 
versing, (with subtense work) levelling, drawing and computations. They also completed 
the survey of a portion of the military grass farm area on the scale of 16 inches = 1 mile 
and fixed ranges for artillery purposes by means of triangulation and traverse. Five pupils 
were attached to No. 4 Drawing Office for instruction in drawing owing to want of aceommo- 
dation with the section. The remaining 7 practised fair-drawing with the mathematical 
and swivel pens. , 

All the Upper Subordinate probationers and pupil surveyors were drafted to various 
circles and parties on completion of their course in October 1922. 

The Training Section will be closed down at the end of this season as no new proba- 
tioners or pupils have been recruited. 
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EASTERN CIRCLE. — 
(Vide Index Map No. 1). 


Summary.—This circle was under the superintendence of Colonel W. M. Coldstream. 


throughout the survey year. 


It comprised Nos. 9,10,11 and 12 Topographical Parties, 


No. 21 Forest Party and No. 5 Drawing Office, exclusive of survey units of Local Govern- 
ments under the administrative charge of the Superintendent. 

During the year the 5 field parties completed 11,480 square miles of detail survey 
on the half-inch, one-inch, two-inch and four-inch scales, the triangulation of 5,076 square 


miles and the traversing of 2,077 square miles. 


drawn in 55 sheets. 
The detail survey consisted of :— 


The maps of the areas surveyed have been 


4,051 square miles of half-inch original survey 


3,624 >] 99 

3,267) ys 

518 yyy 

200 5 

The Officer in charge of No. 9 


», one-inch original survey 

y, one-inch supplementary survey 
», two-inch original survey 

», four-inch original survey. 


Party, in addition to the work of his party, was allotted 


the preparation of a draft for a new chapter of the Handbook of Topography to replace the 
existing chapter IV (Traversing). This work, which had been begun the previous year, has 


been done in consultation with other officers of the Department. 


The draft has been 


submitted to the Surveyor General and is now at press. 


In the summer months a detachment, consisting of one military officer and one Sub- 
Assistant Superintendent, accompanied the Political Officer of Sikkim on a mission to Bumtang 


to confer the insignia of the G.C.I.E. 


on His Highness the Maharaja of Bhutan. It 


returned with the Political Officer through a portion of southern Tibet having obtained 6,500 
square miles of geographical survey on the scale of four miles to the inch. 


No. 9 PARTY (BENGAL, BIHAR AND ORISSA). 


By Br.-Lr.-Cotonet R. H. Puitirmore, D.S.O., R. E. 


The party completed the one-inch 


PERSONNEL. 


Class I Officers. 


Bt.-Lt.-Colonel R. H. Phillimore, D. 8. 0., R. E., 
in charge. 
Captain K. 8. P. MacIvor, I. A., (on probation), 
- from January 20th, 1922, 
Lieut. H. A. Bazley, R. E., (on probation), from 
January 14th, 1922, 


Class II Officers. 


Mr. E. J. Biggie. 

Mr. Amar Krishna Mitra. 

Lieut. C S. McInnes. 

Captain J. O'C. Fitzpatrick, from November Ist, 
1921. 

Mr. Bhupendra Nath Saha, M. Sc., (on probation). 


Upper Subordinate Service, 


Mr. Jagdeesh Prasad Vastav, to 27th March 1922. 
Mr. Gopal Lal Mitra. 

Mr. Sasadhar Mukuarjee. 

Mr. Rohini Kamar Talapatra, B. A., (on probation). 


Lower Subordinate Service. 


87 Surveyors, etc. 


survey of sheets 79 B/s.4.7, south of Calcutta, 
which had been left incomplete last season. 


It also surveyed the following sheets in 
Bihar on one-inch scale :—72 L/11. 12. 13. 14.15. 16 
and 72 P/1.2.5.6.7, besides completing sheets 
72 L/9.10 which had been left incomplete in 
previous seasons. 


42 square miles of forest were surveyed on 
two-inch scale in sheets 72 P/s. 7. 


Sheets 72 C/14 and G/2 were traversed for 
detail survey next season, and triangulation was 
carried out in south of sheet 78 G. 


Field head-quarters were opened at Bhagalpur 
on November 25th, 1921 and closed on May 
2nd, 1922. 


Actual plane-tabling commenced in Bihar 
on November J]7th, and the last man closed work 
in Bengal on May 8th, 1922. 


43 officers and surveyors plane-tabled 3,771 
square miles compared with 3,000 square miles 
by 42 plane-tablers last season. 


The work in Bihar was divided into three camps as under :— 


No. 1 Camp (5 trained surveyors, 1 instructor, 2 officers and 4 pupils under training) 
was under Mr. E.J. Biggie, and surveyed sheets 72 L/9. 10, 13. 14. 
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No. 2 Camp (8 trained surveyors, 1 instructor and 1 officer and 5 pupils under 
training) was under Mr. A. K. Mitra, and surveyed sheets 72 P/1-2.5. 6.7. 

No. 3 Camp (4 trained surveyors, 1 instructor and 1 officer and 8 pupils under 
instruction) was under Capt. Fitzpatrick, and surveyed sheets 72 L/11.12. 15. 16. 

Very few of the surveyors here shewn as trained had done much contouring or hill 
survey before, and camp officers and instructors had to give a great deal of help all round. 

The country is generally undulating between 800 and 900 feet above the sea, well 
covered with villages, scattered trees, broken ground and other detail. There are many 
isolated hills, generally rocky and covered with sernb jungle, the highest of which, Phuljuri 
in sheet 72 L/16, rises to 2,312 feet. 

These hills are prominent land-marks and plane-table fixings were generally easy to 
obtain; the ground did not however lend itself to rapid survey as there was a great deal 
of detail, and owing to the gentle undulations distant view and sketching were impossible. 

In sheets 72 P/s.6.7 the Rajmahal Hills rise to form a prominent range which runs 
somewhat east of north from Dumka towards the Ganges river at Sahibeanj. 

This range is rocky and now mostly bare or covered with low scrub; most of the 
forest having been cleared in the course of cultivation by the aboriginal inhabitants, the 
Paharias. The higher peaks rise to over 1,500 feet above the sea. 

Communications throughout the district were very good; the main line of the East 
Indian Railway running through sheets 72 L/i0.11.12 with branch lines to Giridih and Deo- 
garh. There are several popular and growing health resorts along this line from Karmataur 
to Simultala, whilst Deogarh is rapidly becoming an important residential town, being a great 
place of pilgrimage for worshippers at the Baidyanath temples. 

First class metalled roads radiate from Dumka, the head-quarters town of the Santal 
Parganas district, to Bhagalpur, Deogarh, Rampur Hat and Sari. 

The branch railway line from Bhagalpur to Mandar Hill in sheet 72 P/1 was dismantled 
during the war, and has not yet been relaid. 

The climate is good, being dry and bracing, but it gets very hot in April! There was 
very little sickness in these camps, though Mr. Biggie was in bad health most of the field 
season. 

Supplementary survey on the ]-inch scale was carried out over this area on blue prints 
of the preliminary editions. These were compiled by the Imperial Standard Mapping 
Section of the Bengal Drawing Office from Cadastral Surveys of 1901-08. The detail of 
these sheets was found very accurate and most helpful but in the more hilly area such detail 
was scanty. 

The out-turn for the .7 trained surveyors averaged 24°9 sq. miles for a month of 
24 working days. 

The out-turn for 21 officers and pupils under training averaged 15° 1 sq. miles. 

The quality of the final survey was good, though some of the pupils and younger 
men had to be taken over their ground several times. The survey of steeper hill details in 
sheets 72 P/6. 7 was not as good as it might have been. There were no cases of misconduct, 
but three pupils were discharged at the close of the field season as they were below standard. 

42 square miles of rocky hills covered with s@é forest were surveyed on the 2-inch 
scale for the Forest Department. The forests are not very valuable and rigorous survey of 
petty detail was not insisted on. The average out-turn for the two trained surveyors on 
this work was 9 sq. miles a.month. 

An unusually large number of khalasis absconded during the season, mostly //os recruit- 
ed from Singhbhtm; and mostly from the squads of surveyors working within reach of the 
railway. Out of 191 men in Camps I and III 28 absconded. 

The cost-rate of detailed survey worked out at Rs. 50-7 a mile as commared with 
Rs. 55°6 a mile in Sundarbans area Jast season. This rate is still very high as more than 
half the plane-tablers were under instruction. 

The work in Bengal was allotted to Camp No. IV under the charge of Mr. J. P. 
Vastav who had 4 tratued surveyors and one pupil under him for completion of 462 square 
miles left in sheets 79 B/s 7. Work lav to the south of Caleutta on both banks of the 
Hooghly river. 

The area was absolutely flat and densely populated and survey progressed very slowly 


rs 
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but was of very good quality; the four trained surveyors averaged 18°8 sq. miles for a 
month of 24 working days. 


Mr. Gopal Lal Mitra relieved Mr. Vastav of charge of this camp on March 25th. 
Triangulation.—The whole of sheet 73 G was allotted to 
Lt. C. 8S. MeInnes. 
Mr. B. N. Saha. 
Surveyor Narayan Singh. 
Neither of the two latter had done any triangulation before, and Lieut. McInnes had 
never done any minor triangulation. 


No triangulation had been done by No. 9 Party since season 1913-14, so there are 
no trained khalasis or heliotropers in the party. 


Lieut. McInnes left Jajpur Road Railway Station on November 12th 1921, and marched 
up to Keonjhar, reconnoitring on his way, to meet Mr. Saha and surveyor Narayan Singh 
who marched down from Chakradharpur Railway Station through Chaibasa. 


Mr. Saha fell ill before reaching his ground and had to take leave. He returned 
later and commenced work on February 14th, having lost the best part of the season. 


Lieut. McInnes and Narayan Singh both found progress very slow owing to lack of 
communications and the nature of the country, which was heavily wooded and without 
prominent features. Their areas were therefore cut down to half, and even then they did 
not commence observations till the last week of February. 


There was the usual heavy smoke haze right through March and April, with hardly 
any relief from thunderstorms. 


Lieut. McInnes just managed to complete the triangulation of the four sheets forming 
south-east quarter of 73 G by the end of April, whilst surveyor Narayan Singh did not 
quite complete sheets 73 G/10.14. 


Surveyor Hari Dutta was brought down to assist in February after completing his 
traverse work. He and Mr. Saha managed to complete reconnaissance of the four sheets 
forming the south-west quarter of 73 G, and they both observed a few triangles without 
completing any one sheet. 


All of these triangulators and many of the khalasis suffered a good deal from malaria. 


Next season the triangzulators will be able to start observations in November over 
the area now reconnoitred, and there should be no difficulty in completing the triangulation 


of the sheet, 


The quality of Lieut. McInnes’s work was good. His triangular errors averaged 10 
seconds for 38 triangles; he fixed 30 stations and 106 points in his four sheets, connecting 
to three G. T. stations and one G. T. mark. 


Traversing.—Survevor Hari Dutta spent three months, November 8th to February 
6th, traversing sheets 72 C/11 and G/2 in the neighbourhood of Patna. These two sheets 
were cadastrally surveyed on the 16-inch seale in various seasons between 1892 and 1910. 


Hari Dutta based his traverse on six G. T. intersected points, and connected with 14 
trijunction pillars of the cadastral traverse. He ran 226 linear miles with average error 1 
in 500, or 10 feet toa linear mile. Ile fixed 227 intersected points by observation and 230 
points by offset. He reports that about 100 square miles in these two sheets are very 
convested city and suburban areas ; whilst the remainder are open and very easy for survey. 


“The preliminary editions on one-inch seale in Patna district are accurate and up to 
date, for such detail as they shew; but in the other districts the old map is not very reliable. 
Survevor Hari Dutta was the only member of the party to report interference by non- 
cooperators. Ie met with some opposition near Sonpur in Saran district, but was assisted 
by the more educated of the inhabitants, and did not have to suspend work. 
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Recess Duttes.—When the party took the field in November 1921 it left a drawing 
section behind in Shillong under Mr. G. L. Mitra to complete sheets 72 L/¢ and 79 B/s.8.10,11. 
12.16 and79C/5.9. The section contained 7 draftsmen from No. 5 Drawing Office and 
one surveyor who rejoined the party in the field in January. 

Fhe last of these sheets to be submitted for publication was 79 B/s in Fane 1922, 
This sheet covers the very congested area along the Hooghly river north of Calcutta. 

The party opened fair-mapping in recess on May 12th, with one arrears’ sheet and 16 
new sheets. Of these 10 sheets were still uncompleted on November Ist, 1922. Seven 
draftsmen were attached from No. 5 Drawing Oflice for the greater part of recess. 

: Much time was saved at the beginning of recess by locating an officer from the party 
in the office of the Superintendent, Map Publication at Calcutta for three weeks. 


“This officer handed field sections into the Superintendent, Map Publication’s office, 
took over the enlargements from Photo-Litho. Office, pasted up the combined prints, and 
handed them in again to Photo-Litho. Office for production of the drawing blue prints. 
‘The time taken by the journey of the enlargements to Shillong, and return of the paste-up 
print to Calcutta was saved by this arrangement, and the effect is shewn in that the average 
period between handing in field sections to Calcutta and receipt of drawing blue prints in 
Shillong averaged 21 days in 1922, 4] days in 1921, and 39 days in 1920. | 

Lieut. Bazley, R.E. who was in Calcutta from April 27th to May 16th was able to 
assist No. 12 Party in the same way. 
Fair-mapping was supervised by the following officers :— 
No. I Section, under Mr. E.J. Biggie, with sheets 72 L/».10.13.14- 
No. II Section, under Mr. A.K. Mitra, relieved in September by Lieut. C. S. McInnes, 
with dice: 72 P/1.2.5.6.7. 
No. ILI Section, under Captain J. O’C. Fitzpatrick, with sheets 72 L/11.12.15.16. 

No. IV Section, under Mr. G. L. Mitra, relieved in August by Captain R.S.P. 

Maclvor, with sheets 79 B/3.4.7. 


Computations.—Triangulation.—The triangulation of sheets 73 G/11.12.15.16 was com- 
ees by Lieut. C.S. McInnes and Mr. B.N. Saha with one surveyor. 


Traverse.—Ineut. Bazley, R.E. held charge of traverse computing section which 
completed compntations of traverse in sheets 72 Chu and G/e. 

The section also assembled all the traverse computations of sheets 79 A,B and C and 
72 P into record volumes by degree sheets. 

Lists of intersected and offset points were prepared and bound into the volumes, and 
diagrams were prepared for each degree shect shewing the traverse lines, and the errors found 
in them. 


A] 
The average errors worked out as under :— 


All lines including 


Main Circuits. W orst line. 


Main Circuits. 


Average Average 
Closing 


Errors. 


Lirear Linear 


- miler. 


Lieut. Bazley also supervised work of plotting section which commenced in August 
to prepare plane-table sections for the field. 
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No. 10 PARTY (UPPER BURMA). 
By Captain O. Starter, M.C., R.E. 


The party continued the detail survey of the Hukawng and the Naga territory adjoin- 
ing it on the west. Sheets 92 B/nE. NW.se. were 
completed and parts of sheets 83 N/nx,, 92 A/ 
sW. SE, Were surveyed. 
Lient.-Colonel E. T. Rich, C. 1. E., R. £., in charge The country surveyed is everywhere covered 
from 24th October 1921 to Lith June 1922. ‘ Ff : 
with dense jungle and, except in the Hukawne 


Captain O. Slater, M.C., R. E. (on probation), in oe 
charge from 12th June 1922. proper, consists of steep and intricate hills. 


PERSONNEL. 


Class I Officers. 


Class 11 Officers. The field season opened on the Ist November 
1921 and closed on the 3lst May 1922. The 


Mr. W. G. Jarbo, in charge till 23rd October 1921. 
health of the party was good. 


» §.F. Norman, from 11th August 1922, 


» O.J.H. Hart, from 23rd December 1921 to Plane-tabling.—The Hukawng is a level plain 
3lst May 1922. ‘ : : : ‘ 5 
varying in width from 1 to 20 miles, its altitu 
» &£.d. Grice, from Ist November to 30th Decem- 'y ais 50 £ It ; : parade 
ber 1921. being about 650 feet. It is crossed by a few 
H. Hi. Creed. broad and swift streams and jis intersected with 


numerous small water ways. Plane-table travers- 


Upper Subordinate Service. . ; 
ing had to be employed throughout. The hills 


- ot ae RAS " surrounding average 4,00) feet and rise to nearly 
9 a . - ma 

: Ram Prasad, R. S. 8,000 feet. on the Patkai Bum to the north. 
Maung Pe, A. T. M. There are few inhabitants in the hills except on 


the west in the Naga territory; supplies are in 
consequence a serious difficulty. 

pee anor! No. 1 Camp.—Unaer Mr. W.G. Jarbo, with 
7 surveyors, completed an area of 2,221 square miles on the half-inch scale in sheets 83 N/ 
NE., 92 A/sw. sx. and 92 B/nw., 


Lower Subordinate Service, 


No. 2 Camp.—Under Mr. H.H. Creed with 6 surveyors completed an area of 947 
square miles on the half-inch scale in sheets 92 B/NE. NW. SE. 


The total out-turn was 3,168 square miles of original half-inch survey, the cost- 
rate being Rs. 43°5 per square mile. 


Triangulation Mr. Ram Prasad, R.S., was to have triangulated in parts of sheets 
83 N and 83 O but, owing to the hostility of the Naga tribes, had to turn back and was after- 
wards employed on plane-tabling. 


Recess Duties.—The fair-mapping of the party was in the charge of Mr. W.G. Jarbo 
till Mr. S.F. Norman was posted to the party, after which it was divided into two sections. 


No 1 Section, under Mr. W.G. Jarbo, with Mr. D. N. Saha and 7 surveyors and 4 
draftsmen, completed the fair-mapping of 2,608 square miles in sheets 83 N/nr,, 92 A/sw. 
sg, and 92 B/ne. 

No. 2 Section, under Mr. 8S. F. Norman, with Maung Pe, A.T.M., and 3 surveyors 
and 3 draftsmen completed 1,705-°5 square miles in sheets 92 B/Nw.sE. 


All the above sheets will be submitted for publication before the party takes the field. 
The unsurveyed portions of sheets 83 N/ng., 92 A/sw. sxe, have been compiled from old surveys 
and reconnaissance surveys. The remaining 637°7 square miles in sheets 92 I'/nw.sw.and 
92 I/sw.sE. were completed during October 1921 and these sheets were submitted for publi- 
cation before the party left for the field. 

Maymyo Drawtng Office-—During the field season a drawing office was formed to deal 
with the arrears fair-mapping of Nos. 10 and 11 Parties. This was in the charge of Mr. 
O.J.H. Hart. The area completed was 5,630-6 square miles in sheets 92 B/ng., 92 J/Nw. sR. 
wE., 95 J/su, 95 K/ne. and 95 F/ne. 

The total out-turn of fair-mapping of the party was 10,582-1 square miles, all on the 
half-inch scale, the cost-rate being Rs. 4-0 per square mile. 

Inspections.—The party was inspected by the Surveyor General and the Superintendent, 
Kastern Circle during the recess. 
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No. 11 PARTY (LOWER BURMA\. 
By J. O. GREIFF. 


The field programme of the party was as follows :— 
(1) The completion of the survey of the 


PERSONNEL. . . me See es : 
ae mainland of the Mergui district and of Sullivan 
| Class I Officers. or Lampi island, on the one-inch scale. 
Mr. J.O. Greiff, in charge from Isc July 1922. (11) The survey on the 2-inch scale of the 


Captain T. M.M. Penney, B. E. (on probation), in 


reserved forests of Kyaikkamaw and Extension, 
charge to 30th Juue 1922. 


Kydénkhawun, and Tagundaing, in the Amherst 


Class IT Officers. district. 
Mr. O.J.H. Hart, from Ist June 1922. The field season opened at Mergui on the 15th 
me Ga ee Coope my trom ter Qetober 1021. November 1921], the head-quarters of the party 
» A.V. Dickson — 
arriving on the 23rd. An advance party sent 
Upper Subordinate Seroice. ahead to make the necessary initial arrangements 
Mr. P. C. Sen Gupta, B. Se. opened at Mergui on the Ist November. The 
» Khan Muhammad, field season closed at Mergui on the 5th June 
» A. K.Sen Gupta (on probation), from 25th 1922 
May 1922, ae 


The health of the party was good; one 
Lower Subordinate Service. a ; : 
khalasi died of fever in Mergui. 


24 Surveyors, etc. ‘ ‘ 
ene The country surveyed comprised, in the 


Mergui district, the most southern strip of the mainland of Burma extending from the 
village of Karathuri in the north to Victoria Point in the south, Sullivan or Lampi island 
in the Mergui Archipelago, and numerous small islands dotted along the west coast. 
This strip of country consists of the southern portion of the western range of mountains 
which stretch across the district from north to south. A few miles below the village of 
Karathuri, this main range is joined by a cross spur to the eastern barrier that forms the 
divide between Burma and Siam. At the bend of this cross spur is thrown out the high 
continuation ridge which trends due south, and terminates in the high promontory of 
Victoria Point. Here, as throughout the length of the district, continues the characteristie 
meridional direction of the main ranges, and consequently of the main drainage system, 
Practically the whole of this southern strip of country is filled by numerous offshoots and 
subsidiary spurs of the main ridge. From the water edge to the tops of these ridges and 
spurs there 1s almost uninterrupted forest. 

This area is drained by the Lenya and the Pakchan rivers, which have their 
source in the cross spur connecting the two main ranges. The former flows for some 60 
miles, due north, through a fairly broad valley, when it suddenly alters its course, and 
forcing its way through a rocky gorge flows due west into the Bay. 

The Pakchan river flows due south, and throughout its course forms the international 
boundary between Burma and Siam, for this most southerly strip of country. For the first 
part of its course it is a mere mountain torrent, but fed by many affluents, it broadens 
out, till at Victoria Point it forms an estuary two-and-a-half miles wide. In the low ground, 
along its right bank, stretches for some distance a plain richly cultivated and well inhabited. 

The coast line and the banks of tidal rivers are almost invariably bordered by mangrove 
swamps, varying from narrow strips to great depths, which form powerful barriers against the 
sea. ‘They are intersected by numerous canals through which the tide enters and _ recedes, 
inundating large areas at high water, as the coast here is little raised above sea level. From 
these swamps stretch out to sea numerous mud and sand banks rendering the coast unapproache 
able by vessels of large draught, except in a few places. Most of the larger channys (streams 
or creeks) are navigable for considerable distances at high water, by small launches and 
country boats. 

The western shores of the mainland swarm with game of all sorts; elephant, tiger, rhino 
and bison are plentiful. 

The low lying area and the bamboo forests are the haunt of the sandfly and tick, 
‘which make the surveyors’ life a burden. If he beats a retreat from these into the valleys he 
is beset by countless leeches. The undergrowth is a tangled mass of cane, creeper, and scrub. 


In the valleys the mist lies heavy each morning till late, considerably hindering the 
commencement of the day’s work. 


34 RECORDS OF THE SURVEY OF INDIA, 1921-22. [Vol. XVIII. 


The country between Maliwun and Victoria Point consists of undulating plains and 
hills covered with grass and dotted with trees, sometimes in clumps or groves, and here and 
there in smal] forest areas. 

From Victoria Point to Maliwun there is a good unmetalled road maintained by the 
P. W. D. From Maliwun it becomes a mule-track as far as Marang, and thenceto Karathuri 
a foot-path. Along the west coast is another track to Maliwun. There are also good paths 
from Hangapru to the Lenya valley, and along this valley, over the Khao Den pass, to Siam. 
These communications, with the addition of several elephant-tracks along spurs and ridges, 
made it possible to start work without the delay, experienced in previous years, in cutting 
miles of paths. 

The principal place of importance in the season’s work is Victoria Point, the last 
British out-post on the east coast. It is the head-quarters of the sub-divisional officer, its 
position and proximity to Siam investing it with a certain political importance. During 
the Great War a wireless station and Censor were established here. This southern strip of 
territory is also rich in tin ore, the chief centre being Maliwun; the ore at present is being 
extracted chiefly by Chinese. 

Lampi or Sullivan island about 50 miles due west of Karathuri, is a high ridge of 
hills in the form of a horse shoe densely wooded, the outer rim of the shoe being steep and 
precipitous. Several smaller islands along the west coast were also surveyed. The 
Archipelago is without doubt one of the great attractions of the district, and well worth a 
visit. It stretches along the whole of the western coast a vast collection of abrupt islands, 
of every shape and size with hardly a trace of life. They have been well described as “a 
cluster of islands and inlets with bays and coves, headlands and highlands, capes and pro- 
montories, high bluffs and low shores, rocks and sands, fountains, streams and cascades, 
mountain, plain and precipice, unsurpassed anywhere for their wild, fantastic and picturesque 
beauty”’. 

* Distribution.—The field work was divided up into four camps:— 

No. 1 Camp.—Mv. Cooper in charge, to begin with five and later seven surveyors, 
head-quarters at Hangapru, surveyed an area of 1,071 square miles in sheets 96 I/g. 12. 16, 
96 J/56.9.10.13 and 96 N/1. The party hospital was in this camp. 

No. 2 Camp.—Mr. Dickson in charge, with five surveyors, of whom one was later 
transferred to No. 1] Camp, head-quarters at Marang, surveyed an area of 568 square 
miles in sheets 96 J/9,10.11.12.14, 15- 

No. 3 Camp.—Mr. P.C. Sen Gupta in charge, with seven pupils, surveyed an area of 
170 square miles of reserved forests in the Amherst district, on the two-inch scale in 
sheets 95 E/13 and 94 H/16. One pupil was withdrawn early in the season as unfit for 
field work. 

No. 4 Camp.—Mr. Khan Muhammad in charge, with two surveyors, surveyed 850-88 
square miles in sheets 96 J/1.2.3.5.6.7.11.12 and 96 K/o. 

Mr. Khan Muhammad and surveyor Faiz Ali, under the officer in charge of the party, 
surveyed near the close of the season, 35 square miles in sheet 95 L/s. 

Triangulation.—There was no triangulation or traversing done in the season. 


The cost-rates are as follows :— 


Original one-inch .. Rs. 69°72 per square mile. 
Original two-inch .. Rs. 1383-63 do. 


The cost-rate for the one-inch is much lower than the previous year, due to a higher 
averave out-turn per surveyor. The outstanding feature of the field season was the remark- 
ably fine weather experienced compared with previous seasons. Wet days there were, Lut 
comparatively few. Communications were easier, the greatest width of country across being 
about 25 miles with Victoria Point as apex of the triangle. The mean average, for three 
years preceding 1920-21, is Rs. 71-22 per square mile, which may be taken as the general 
average cost of work in a district like Mergm. Last season’s cost-rates were weighted with 
large arrears of pay due to officers and establishment on account of the reorganization. 

Recess Duties.—In recess the party was divided into three sections :— 

No. 1 Sectton.—Mr. Hart in charge, completed the mapping of one-inch sheets 
95 L/s, 96 J/1,2.3.5.6. The total area covered by these sheets is 1,750 square miles, but 
the land area mapped is only 246 square miles. Nevertheless, in the sea area there is a 
fair amount of work required to complete each sheet. This section has also done 69 square 
miles of half-inch mapping in sheet 95 I'/Nx, and completed and despatched half-inch sheets 
95 J/su, and 95 K/Nr. 


®* The areas shown here as surveyed by eavh camp include £5 square miles of sea areas which have been 
excluded from the out-turn of the party in ‘able III. 
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No. 2 Section.—Mr. Cooper in charge, completed the mapping of one-inch sheets 
96 I/12.8, 96 J/9.10.11.7, The total area of these sheets is 1,176 square miles, inclusive 
of 272 square miles sea area. 

No. 3 Section.—Mr. Dickson in charge, completed the mapping of one-inch sheets 
96 I/is, 96 J/128.13.14.15, 96 K/95,and 96 N/1, covering an area of 1,756 square miles, 


including 11+6 square miles sea area, and 885 square miles of unmapped area in Siam. 


The cost-rate for one-inch mapping is Rs. 15°27 per square mile. 
All the fair-mapping will be completed and the sheets despatched before the party 
takes the field. There will be no arrears sheets. 


The two-inch mapping, of the reserved forests of Kyaikkamaw and Extension, 
Kydénkhawun, and Tagundaing, falling in sheets 95 E/}3 and 94 H/1i6, will be commenced 
by this party and completed by the Drawing Office during the winter. 

The Maymyo Drawing Office was transferred to the charge of No. 10 Party from 
lst November 1921. 

Miscel/aneons.—The season brings to a close the completion of the survey of the 
Mergui district. Inspite of the physical hardships and inconveniences endured yearly since 
1915, it would be difficult to find a more interesting area in Burma. Its history from the 
year 1373 when the town of Tenasserim was built by the Kingdom of Siam, world wide 
commerce and connection with the great European Courts, is replete with historical interest 
and incident. Its rugged and wild landseapes with miles of dense forest growth, have an 
attraction and charm peculiarly their own. Many very interesting and rare specimens of 
butterflies were caught by Mr. Cooper last field season. Nineteen new species of the Indian 
Lepidoptera were obtained, at Hangapru the Papilio sycoraz, and at the village of Naugin, 
on the coast, the Zerias tilaha. The former ts very rare and said never to have been caught 
in India before, and is supposed to be peculiar to Borneo, of the latter 23 specimens were 
taken, and are described as belonging to the Malay States only. 


Inspections.—No. 3 Camp was inspected in the field by the Superintendent, Eastern 
Circle in January. During the recess the party was inspected by the Surveyor General, and 
Superintendent, Eastern Circle, on the 9th August 1922. 


No. 12 PARTY (ASSAM). 
By Br.-Lr.-Con. C. M. Browne, C.M.G., D.S.O., R.E. 


The party carried out detail survey on the two-inch, one-inch and half-inch scales in 
the districts of Nowgong, Sibsagar, Cachar, 

PERSONNEL. Na <I: . ; i : 
aga Hills and in Manipur State and triangula- 
Class I Officer. tion and traverse in Naga Hills, Manipur State 
and Sadiya Frontier Tract. The country was 
almost entirely densely wooded and varied in 
elevation from a few hundred feet to over 9,000 


Bt.-Lt.-Col. C.M. Browne, C.M.G., D.S.O., R.E., io 
charge. 


Class Il Officers. 


feet. 
Mr. E. M. Kenny. ; 
,, D.K. Rennick, M.B.E. The field season extended over a period of a 
» R.C. Hanson, from 16th February 1922. little more than 6 months. The health of the 
» Prafulla Chandra Mitra, B.A. up to ISth Harty was only fair, average daily sick in hospital 
April 1922. . . . ae 2s ah ae 
being a little over 8 per diem; 3. khalasis died, 
‘pper Subordinate Service. one from cholera, one from pneumonia and one 


Mr. Girija Sonker Bazebi. was drowned. 


: Maul ti f 
v oe ee eee ee roeenan ye es Towards the close of the field season, cholera 
17th October 1921. : ; 
, Suresh Chandra Chatterjee, B.Sc. (on proba. Was bad in the neighbourhood of the party head- 
tion), from 23rd May 1922. quarters, but inoculation was carried out with 


serum obtained from the Pasteur Institute at 
Shillong and only one ease occurred and that was 
38 Surveyors, etc. : fad 

wen before the inoculation. 


Lower Subordinate Service. 


Plane-tabling.—The country surveyed was almost entirely dense jungle with scattered 
villages and there were some quite large areas (mostly in reserved forests) which were un- 


inhabited. 
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Coolies were the only means of transport, except the three party elephants. Con- 
veyance and jungle clearing charges were in consequence heavy. Work in the plains and 
low hills was carried out by plane-tabling traversing based on theodolite traverses and in the 
hills by interpolation. 

The party was divided into three camps :— 


No. 1 Camp, head-quarters Lumding, under Mr. E. M. Kenny with 9 surveyors 
surveyed 104 square miles on the half-inch scale, 439 square miles on the one-inch scale, and 
134 square miles of reserved forests on the two-inch scale in parts of sheets 83 G/nw.nu. 


No. 2 Camp, head-quarters Mahar on the hill section of Assam-Bengal Railway, under 
Mr. D. K. Rennick, M. B. E., and one Upper Subordinate officer with 12 surveyors and one 
pupil surveyed 564 square miles on the one-inch scale and 779 square miles on the half-inch 
scale in sheet 83 G/ sw. and in parts of sheets 83 G/NW. SE. NE 


No. 3 Camp, head-quarters Dimapur, under Mr. R. C. Hanson with 7 surveyors 
surveyed 179 square miles on the one-inch scale in parts of sheet 83 G/NE. This camp was 
only formed towards the end of the field season. 

The total area surveyed was 883 square miles on the half-inch scale and 1,182 square 
miles on the one-inch scale and 134 square miles on the two-inch scale, the cost-rate being 
Rs. 25°5, 55°2 and 111°8 respectively and the combined cost-rate Rs. 82. 


Trianyulation.—Triangulation was carried out by Mr. P. C. Mitra in sheets 82 L/ sk. 
82 P/sw., 83 I/ne. and 83 M/nw., and by Mr. G.S. Bagchi in sheets 83 G/sE, 83 K/sw. 
and 83 H/Nx. 

The country was mostly densely wooded hills rising to about 9,000 feet and a large 
amount of jungle clearing was necessary ; labour and supplies were difficult to obtain. 


In Mr. Mitra’s area rain, mist, and haze interfered with the observations and his 
work had to close in March on account of them. A total area of 3,376 square miles was 
triangulated at a cost-rate of Rs. 7-0 per square mile. 


Traversing.— Traversing was carried out to assist the detail surveyors in the plain 
portions of sheets 83 G/1.56.9.10.13 and in sheets 83 1/1314, 83 M/125. 5 traversers were at 
first employed, later reduced to 4. ‘The dense jungle made the work laborious and expensive 
and supplies, and even water, were in parts difficult to obtain. Most of the traversers suffered 
from sickness, the out-turn is consequently smal] and the cost-rate high. 


277 linear miles were traversed covering an area of 1,017 square miles; 2,850 stations 
were observed at, of which 21 can be considered as permanent. The cost-rate per linear mile 
was Rs. 73°2. 

Recess Duties.— The fair-mapping was divided into 3 sections:— 


No. 1 Section, under Mr. E.M. Kenny, carried out the fair-mapping of 83 G/s on the 
one-inch scale and maps of Dhansiri and Rangapahar reserved forests on the two-inch scale 
and part of 83 G/Nw. on the half-inch scale. 

No. 2 Section, under Mr. D.K. Rennick, M.B.E.,carried out the fair-mapping on 
sheets 83 G/3.4 on the one-inch scale and of 83 G/sw. on the half-inch scale. 


No. 8 Section, under Mr. R.C. Hanson, carried out the fair-mapping of sheets 
83 G/9.13 on the one-inch and part of §3 G/nr. on the half-inch scale. 


There were no arrears from last recess and it is confidently expected there will be none 
this recess except those, the survey of which, is not complete. 


Lieut. H.A. Bazley, R.E., of No. 9 Party, temporarily at Calcutta, assisted very 
greatly by making the combined originals in Caleutta from photographs of the field sections, 
thereby saving much valuable time at the beginning of recess. 

The policy of tne party, in drawing its own forest sheets was continued and it has 
been able to complete them without detriment to its standard mapping. 

The half-inch maps, being drawn simultaneously with the one-inch, has also proved 
successful and will lessen the work of the Circle Office. 

Mr. G.S. Bagchi and 4 computers and 3 traversers completed the computations of the 
triangulation and traversing done during the field season and completed the four-inch bound- 
ary plots of the following forests:—Dhansiri and Rangapahar, Narpuh blocks I and II and 
will be submitted. Triangulation chart 83 C was compiled and will be submitted. 

Inspeclions.— The Superintendent, Eastern Circle inspected the party in the field in 
December 1921. 
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No. 21 (BURMA FOREST) PARTY. 
By H.W. Biaaitr. 


This party continued forest survey operations in Upper and Lower Burma and the 
Southern Shan States. The country 
over which work was carried out consists 
generally of well-wooded hills. 


PERSONNEL. 
Class I Officer. 


Mr. H. W. Biggie, in charge from Ist July 1922. 


Class IT Officers. The field season was spread over a 
Mr. S. KF. Norman, in charge, up to 30th June 1922. period of seven months from November 
Lieut. L. B, Fitz-Gibbon. 
: ) ¢ 
Capt. V. P. Wainright. 1921 to June 1922. 
Capt. C. B. Sexton. There was a good deal of sickness, 


Mr. H. M. Critchell. (on probation ). 
Upper Subordinate Service. 
Mr. Dalbir Rai. up to Ist June 1922. 


principally due to ma/aria, in the forests. 
Among the lower subordinates two deaths 
occurred during the year, one from fever 
» Ghulam Hasan. ; . 
Laideue Midkioud bialecRoverne: in the field and the second from plague 
20 Surveyors, etc. in Maymyo. 


Plane-fabling.—This was carried out by the party in the Mansi Division in the Upper 
Chindwin district of the Northern Forest Circle, and in the Bassein Division of the Delta 
Forest Circle, and by the Survey Training School in the Meiktila and Southern Shan States 
Forest Divisions in the Central Forest Circle. The area surveyed in the Mansi Division 
completed the Modé reserve which consists of well-wooded hills which are steep and rugged 
on their upper slopes. The country worked over in the Bassein Division includes portions of 
the eastern and western slopes of the Arakan Yoma. ‘These are thickly clad in tree growth 
with serub jungle in parts. Between the lower slopes and the Neawun or Bassein river, the 
country has a very dense belt of bamboo called say:n wa in Burmese. With its growth of 
numerous single reeds with intervals of about one foot and which rise to an average height of 
30 feet, it was a formidable obstacle to progress, and line clearing was a tedious and dis- 
heartening labour. One of the small reserves surveved in Bassein lies in swampy ground on the 
left bank of the Bassein river. The country surveyed in Meiktila consists of low, well-wooded 
hills. In the Southern Shan States the Kalaw reserve and the town of Kalaw which is an 
exclusion in the centre of the reserve, were surveyed. Kalaw, which is the head-quarters 
of a sub-division is flat for the most part and is surrounded by undulating pine-clad_ hills, 
on the lower slopes of which numerous residential houses exist. Tlie reserved area lies all 
round the town, and is hilly everywhere, the hills in the south rising to 5,000 feet. 

Field work was distributed and completed as follows :-— 


Mr. Ghulam Hasan surveyed 3°65 square miles on the four-inch scale in the Modé 
reserve falling in 83 P/9 and moved into the Bassein area in March 1922, when he started 
plane-tabling on the two-inch scale, with one pupil under instraction. 

No. 1 Cump.—Mr. Norman, in charge, with four pupils completed by the middle 
of February 1922, 9-26 square miles on the two-inch scale in the Shwemyindin reserve 
falling in 85 L/12. 

No. 2 Camp.—Captain Wainright, in charge, with ten surveyors and two pupils, 
reinforced in February by four pupils from No. 1 Camp, completed 111°11 square miles on 
the two-inch scale in the Podaw, Kyeintali and Sitsayan reserves falling in 85 K/11. 12. 15. 16. 
This area includes 17:72 square miles of unclassed forest. He made over charge of this 
camp to Mr. Ghulam Hasan in the first week of May leaving in the camp eight surveyors 
and two pupils and took with him to Maymyo where he arrived about the middle of May, 
2 surveyors and 4 pupils to form an advance drawing section. 

Mr. Ghulam Hasan with eight surveyors and three pupils completed between the first 
week of May and the close of the field season, 26°50 square miles on the two-inch scale in 
portion of the Chaungtha reserve falling in 85 L/9. 

Captain Sexton with eighteen pupils, working in pairs from the Survey Training 
School and one trained surveyor from the party surveyed 25°39 square miles on the two-inch 
scale in the Kubyin reserve falling in 93 D/s, and 16°21 square miles on the four-inch scale 
in the Kalaw reserve falling in 93 D/1o. Of the latter area, the trained surveyor contributed 
2°00 square miles in 26 working days. Maung Pe, A.T.M., from No. 10 Party and paid for 
by that party, assisted Captain Sexton in the supervision and instruction of pupils. 
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The cost-rates, calculated on the areas done by the party only, are :—two-inch, 
Rs. 338°] per square mile ; four-inch, Rs. 1,059°9 per square mile. 

A high degree of accuracy in the work was sought and obtained at some sacrifice 
in expenditure and out-turn, but the resulting maps should be found to be thoroughly 
reliable for any purpose. The precision, with which the survey was done, is more than 
is necessary for the requirements of the Forest Department and if minuteness was done 
away with, out-turns could be considerably improved without, in any way, lessening the utility 
of the maps. 

The amount debitable to instruction in all classes of work during the year is Rs.13,544. 

Triangulation.—This was carried out by Mr. Critchell over 100 square miles in 
85 L/9.10.11 on the Arakan Yoma already described. It was his first experience and he 
encountered difficulties in dealing with the technicalities of the work. The cost-rate works 
out to Rs. 80°1 per square mile. 

Traversing.—This was carried out in portions of 85 L/s.6.7.8.9.10.11 and 94 C/14, G/s.s, 
H/1.5.6 in the Bassein and Thaton Forest Divisions respectively. The country traversed in 
Bassein lies in the Arakan Yoma which has been described under the head Plane-tabling. 
In the Bassein Division the following reserves were traversed :—Chaungtha, Mézali, Thitpok, 
and the greater portion of Myittaya and Sinma. In the Thaton Division the following 
reserves were traversed :—Wetwundaung, Bilin, Panbein, Kydnsein, Danu, Kalamataung 
and Martaban. With the exception of Kydnsein all these reserves consist of low well-wooded 
hills. The ground in the Kydnsein reserve is generally flat; and so far as information is 
available, fairly densely clad in tree and scrub jungle. About 200 exclusions, many being 
very small fruit gardens, lie scattered over the Thaton reserves and arrangements are being 
completed with the Forest Department to survey them on a scale larger—depending on their 
size—than 2 inches to one mile. In any case the scale of survey will not be larger than 8 
inches to one mile. The Conservator, Working Plans Circle desires that they should be 
shown as insets in the blank portions of the published sheets. 

Lieut. Fitz-Gibbon was in charge of the traverse work throughout the year, the work 
in the field being divided as follows :— 

No. 1 Section, with head-quarters at Kanni, a village in the Bassein district, was 
supervised by Lieut. Fitz-Gibbon with two computers and eight traversers. 


No. 2 Section was supervised by Surveyor Lalit Mohan Ganguly with three traversers 
he himself doing 108 linear miles of traversing, a very creditable performance. 


590 linear miles consisting of 577 linear miles of boundary traversing and 13 linear 
miles of simple traversing and covering an area of 520 square miles were traversed for work 
on the two-inch scale and the cost-rate including the cost of computations in recess, works 
out to Rs. 104°] per linear mile. 


Recess Duties.—(a). There was one section employed on fair-drawing. This was 
under Captain Wainright assisted by Mr. Critchell and seven draftsmen. 

The following reserves were fair-drawn :—Podaw, Kyeintali and Sitsayan and adjoining 
unclassed forest, covering a total area of 111-+11 square miles in one sheet on the two-inch 
scale, including portions of 85 K/11.12.15.16; Shwemyindin 9°26 square miles on the two-inch 
scale in 85 L/13; portion of Chaungtha 26°50 square miles on the two-inch scale in 85 L/g; 
Kubyin 25°39 square miles on the two-inch scale in 93 D/s; Kalaw including Kalaw Town, 
which is an exclusion in the reserve, 16°21 square miles on the four-inch scale in 93 D/1o. 
The estimated out-turns of fair-drawing for which credit has been taken are 44:4 square 
miles and 169°6 square miles on the four-inch and two-inch scales respectively. The cost- 
rates are :—four-inch, Rs. 140°6 per square mile ; two-inch Rs. 47:1 per square mile. 


Arrears of fair-drawing show 5:0 square miles in the sheet containing the Podaw, 
Kveintali and Sitsayan reserves. This is due to its name trace completed and submitted 
a second time in July 1922 to the Divisional Forest Officer concerned, having been destroyed 
by the capsizing of a boat which a subordinate, who was deputed to verify the names was 
using. The information reached the party in September and early action to get the 
remaining names verified has been taken. 


4() square miles remain to be surveyed in the Chaungtha reserve during 1922-28 and 
this will be fair-drawn in 1923 and added to 26°50 square miles already drawn to be published 
in one sheet. 


Vol. XVIII.) TOPOGRAPHICAL SURVEY. 39 


(4). Other recess duties included the fair-drawing by the Survey Training School on 
the four-inch scale, from four-inch surveys done by the Forest Department, of 2°83 square 
miles, covering Blocks XII and XIII of the Kuladan reserve in 84 C/15 in Akyab, and 7:00 
square miles, being portion of Block XIV of the same reserve in 84 H/1 in the hill district 
of Arakan. 


The traverse computations during recess were under Lieut. Fitz-Gibbon assisted by 
11 computers, of whom 4 were pupils whose help became necessary. The pupils were quick 
to pick up the use of the traverse tables and have expedited the work which includes the 
final calculation of the co-ordinates of over 13,000 stations. 


Four-inch boundary plots have been prepared for all reserves surveyed on the two-inch 
scale, and the cost of these is merged in that of the fair-drawing on the same scale. 


Towards the end of August 1922, the work was taken in hand of projecting 40 plane- 
tables for original forest surveys on the two-inch scale, and for the addition of boundaries of 
old two-inch surveys of certain reserves of the South Pezu and Insein Forest Divisions during 
field season 1922-23. The plotting of some 13,500 traverse points for field work and the 
duplication where necessary of notifications and maps of reserves has also been taken in 
hand. These duplicates are issued to camp officers and they help in the adjustment. of 
boundaries in the field. Copies of values of traverse points are also in hand for distribution 
to camp officers. 


Miscellancous.—A great difficulty in Bassein is the rationing of men with suitable 
transport. Elephants are the best means of dealing with this question. The Forest Depart- 
ment will not be able to supply the party with the full number of animals required for use 
during field season 1922-23, and porterage by Hazaribagh men has been arranged to the 
extent required. The Deputy Commissioner, Bassein has also been requested to arrange for 
@ first month’s supply of rice at camp head-quarters to be taken over by camp officers as 
soon as they arrive in their ground. Subsequent requirements will be arranged for by them. 

Inspections,—The Surveyor General inspected the party in recess. The Superintend- 
ent, Eastern Circle inspected the party in the field and recess. 
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TABLE I. 
OUT-TURNS OF PLANE-TABLING 192)-22. 


Average number of 
fixings per square 
mile. 


Out-turn, square 
miles, 


: fe Average 
Neale. Class of survey. Circle. Party. Locality. per man 


Total. | PE month] Jn sifu (by|Plane-table 
of 24 [resection).| traverse. 


working 
days. 
4-inch | Original N No, 2] Central India ee i ‘oieoa | x [set] cemaman  |f 2250) 6 a 
Survey 
S No. 5| Central India 1,526 
tae 61) 0-7 
S No. 5] Gwalior 120 
S No, 6| Hyderabad (Deccan)} 6,270 | 62°8 5°7 0:1 
E No. 10} Upper Burma 3.168 | 63°4 0:3 3°2 
E No. 12] Assam 883 30°8 0-9 9°9 
$-inch |Supplementary} S | No. 6] Hyderabad (Deccan)| 365 
Survey 
L-inch | Original N No. 4| Nepal 294 / 40°5 9-0 6°3 
Survey 
S No. 5, Centra] India 652 
20°7 5°33 4°4 
Ss No. 5 | Central Provinces 1,474 
S No. 7| Madras 3,668 
40°5 7 0 0-1 
S No. 7| Hyderabad (Deccan) 142 
S No. 8 | Madras 970 25°8 7'3 0°3 
(a) 401 18:8 5°4 | 19°5 
E No. ll | Lower Burma 1,980 | 33°4 1‘1 4°] 
EK No. 12 | Assam 1,182 15°0 2°8 16°5 
l-inch | Re-survey N No. 2| Central India, 604 |26°2 (a)) 13°9 5°1 
Rajputana and 
United Provinces 1,821 |20°8 (1)} 14°8 79 
l-inch | Revision N No. 2| Central India and 1 1,523 |84°0 (a)| =9°0 6'2 
Survey United Provinces | (1,171 |26°4(4)| 7:9 5°8 
N No. 4] United Provinces & 
Bihar and Orissa 3.691 31°8 6°5 o'8 
S No. 8) Bombay 3,386 | 28°6 6'9 0°4 
l-inch Supplementary} S | No. 5| Central Provinces 615 | 43-7 1°5 2°8 
Survey 
S No. 7 | Madras 1,949 87:7 1'5 0°3 
S No. 8; Madras 199 | 22-9 6:0 1:0 
E No. 9| Bihar and Orissa (a)} 1,844 | 24°9 8:0) 1:6 
(db) 1,423 15:1 9°2 8°8 
L-inch |Original Forest} S No. 5| Central India 278 | 20°3 8°5 4°9 


Survey 


(a) By trained surveyors. (d) By pupils. 
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TABLE I.—Concluded. 
OUT-TURNS OF PLANE-TABLING 1921-22.—Concluded. 


Average number of 
fixings per square 
mile. 


Out-turn, square 
miles. 


Scale. Class of survey. Circle. | Party. Locality. Average 


merge 
ys 
2-inch | Original N | No. 3} United Provinces 1,969 | 20°4 6:2 
Survey and Nepal 
2-inch | Original S No. 7| Madras 333 8°4 | 25°4 8:2 
Forest Survey 
E No. 9 | Bihar and Orissa (a) 39 9:0 | 12-8] 22:0 
(db) 3 2°9|) 48°7 | 72°38 
K No. 11} Lower Burma 170 4°9 276] 64:1 
No. 12 | Assam 134 o°7 41°9 
No. 21} Upper Burina = (c) 25 3°3 33°3 
No. 21 | Lower Burma 147 2°0 174°5 
4-inch | Original E | No.21] Upper Burma = (d) 20 0°8 .. | 201°2 
Survey 
4-inch | Original S No. 5 | Central Provinces 14 2°9| 25°38] 69°3 
Forest Survey 
Fixings per|Cbains 
“wile, | _ mile. 
6-inch | Original N_ | No.20]| Deolali 40°21 1-9] 52-9 | 138°1 
Survey 
Fixings |Chains pe 
Acres. Acres. per acre. acre. 
16-inch | Original N_ | No.20] Bangalore 617°00 | 361°2 0°3 2°0 
Survey 
N No. 20 | Deolali 1,447-00| 165°4 0°3 5°2 
16-inch | Revision N_ | No. 20] Bangalore 410°00 | 894-5 1:0 3° 
Survey 
N_ | No. 20] Deolali 976°00 | 114°3 0°3 4: 
N_ | No. 20 | Ahmadabad 2,075-00 | 398°3 0:2 3° 
64-inch | Original N | No. 20] Deolali 48°36 | 52°6 os 12: 
Survey 
64-inch | Revision N No. 20} Deolali 33°00 | 29°3 sas 19° 
Survey 
N_ | No. 20 | Ahmadabad 25°00 | 42°9 ae 12° 
One-inch} Original N_ | No. 20| Bangalore 65°63 | 15°7 er 14° 
o 50 feet} Survey 
(a) By trained surveyors. (6) By pupils. (c) By Survey Training School. (qd) Done mostly 


by Survey ‘Training School. 
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PART IIL—GEODETIC AND SCIENTIFIC 
OPERATIONS. 


TRIGONOMETRICAL SURVEY. 
ASTRONOMICAL LATITUDES. 


During the year advantage was taken of the fact of Bt.-Major K. Mason, M.C., R.E., 
being in Kashmir, on other survey work, to get 
this officer to carry out Talcott observations for 
latitude at four stations of the Kashmir triangu- 
Pea OA arn s lation, namely :—Gogipatri, Poshkar, Zebanwan 
and Reban. The observations at the two former 
were of the nature of revision, the earlier observ- 
ations at those two stations in 1860 having given 
indications of defects in the instrument used, with the result that the values of latitude then 
obtained have always been looked upon with some suspicion. The computation of this work 
is in hand but the results are not yet available. 
The personnel of the party were employed at the Head-quarter offices of the Trigono- 


PERSONNEL OF No. 13 PARTY. 
Class I Officer. 
Captain H.E. Roome, M.C., R.E., in charge. 


1 Cierk. 
1 Computer. 


metrical Survey. 


No. 14 PARTY—PENDULUM, No. 15 PARTY—TRIANGULATION anp 
No. 19 PARTY—BASE LINE OPERATIONS. 


No field operations were carried out by these three parties, the personnel being employed 
at the Head-quarter offices of the Trigonometrical Survey. 


TIDAL OPERATIONS. 
By Mayor C. M. Tuomprson, I. A. 


During the year under report the registrations of the tidal curves by means of 
automatic tide-gauges were continued at the 


PERSONNEL OF No. 16 PARTY. following ports a 
Class I Officers. Aden, Karachi, Bombay (Apollo Bandar), 
, ’ - : 
Major C.M. Thompson, I. A, in charge from Bombay (Prince s Dock), Madras, Kidderpore, 
19th June 1922. Rangoon, Moulmein and Port Blair. 
Captain KE. A. Glennie, D.S 0., R.E., in charge These operations were conducted under the 


9 . ° . ° . 
from: 20th. May to 18th ane:t2e. direction of this department, the immediate con- 


Clauss [I Officers. trol of all the observatories being entrusted to 


Mr. Hanuman Prasad, R.S., in charge till 9th the local officers of the ports concerned. 


May 1922. In addition to the above work, the predic- 
D. H. Luxa. tions of the heights and times of high and low- 

Lower Subordinate Service. water for the vear 1921 at the following ports :— 
Si Conpiterauete: Bhaunagar, Chittagong and Akyab were compared 
against the actual observations of the heights and 
times of high and low-water as supplied by the Port oflicers of the above ports. These 
readings on tide-poles were taken during daylight throughout the year. The object of the 
above comparisons was to see whether the predictions, which were based on tidal observations. 


taken many years ago, still maintained the required degree of accuracy. 
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TIDAL OBSERVATIONS AT BASRAH. 


Hourly readings throughovt the day and night of the height of the water against 
an ordinary wooden tide-pole were continued at Basrah. Copies of these readings were 
supplied to this department weekly by the Director, Inland Water Transport, Mesopotamia. 
The readings for the year commencing Ist January 1921], were reduced by the method of 
harmonic analysis, and the constants thus deduced, were used in the computation of data 
for the Basrah tide-tables for 1923, which were prepared with the aid of the tide-predicting 
machine recently erected in the office of the Superintendent of the Trigonometrical Survey, 
Dehra Dan. 


The tide-tables for Basrah for 1923 were published on the 12th June 1922, and have 
been despatched to thie officials requiring them. 


LIST OF TIDAL STATIONS. 


The following is a complete list of the ports at which tidal registrations have been 
carried out from the commencement of the tidal operations in ]874 up to the present time. 
The stations at which automatic tide-gauges are still working are shown in italies: the 
others are minor stations which were closed after a few years on the completion of the 
requisite registrations. 
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Stations 


Serial No. 


Karachi ... 


Hanstal ... 
Navanar ... 


on OO OF KWoH 


9 | Okha Point 


Porbandar 
Porbandar 


11 | Port Albert Victor 
(Kathiawar). 
Port Albert Victor 
(Kathidwar). 
Bhaunagar he 
Bombay (Apollo Bandar) 
Bombay (Prince’s Dock) 


15 | Marmagao (Goa) 
16 | Karwar 

17 | Beypore .. 
18 | Cochin 

19 | Tuticorin ... 
20 | Minicoy ... 
21 | Galle 
22 | Colombo ... 
23 | Trincomalee 
24 | Pamban Pass 
25 | Negapatam 
26 | Madras 

27 | Cocanada... 
28 | Vizagapatam 


False Point 


80 | Dublat (Sagar Island) 
81 | Diamond Harbour 

32 | Kidderpore 

83 | Chittagong 

34 | Akyab 


Diamond Island 


36 | Bassein (Burma) 
37 | Elephant Point 
38 | Rangoon ... 

39 | Amherst ... 

40 | Moulmetn 

41 | Mereui 

42 | Port Blair 

43 | Basrah 


Automatic or 


Personal 


commencement 


Date of Date of 


closing 


observations | of observations! of observations 


Personal 
Automatic 


Personal 


Automatic 


PP] 


33 
Personal 


1897 1903 7 
1898 1902 5 
1879 Still 43 
Working 
1893 1898 5 
1892 1901 8 
1868 1880 ¥*13 *Small 
1881 Still Working | 41 f °"/"Se-ging 
1874 1875 1 Tide-table 
1874 1875 1 not 
1874 1875 by Pee 
3 | Restarted ; 2 | 1904-05 is 
1904 1906 1 excluded. 
1893 1894 2 " 
1898 1902 2 : 898, 1899 
& 1902 are 
excluded. 
1881] 1882 ] 
1900 1903 4 
1889 1894 5 
1878 Still Working | 44 
1888 - 34 
1884 1889 5 
1878 1883 5 
1878 1884. 6 
1886 1892 6 
1888 1893 5 
1891 1896 5 
1884 1890 6 
1884 1890 6 
1890 1896 6 
1875 1882 4 
- 188] 1888 5 Years 1888 
to 1885 are 
1880 1890 =| Loy. | S*mnaee 
| esirte Still 27 > 37 
1895 Working 
1886 1891 5 
1879 1885 6 
188] 1885 4 
188] 1886 3 
1881 1886 5 
1881 Still Working | 41 
1886 1891 5 
1887 1892 5 
1895 1899 5 
1902 1903 2 
1880 1881 
) este k tenes 
1884 1888 excluded. 
1880 Still Working | 42 
1880 1886 6 
1880 1886 6 
Restarted ; 19 
1909 Still Working | 138 
1889 1894 5 
1880 Still Working | 42 
1916 6 Obser- 
vations 
taken on 


ae eel 


Automatic 


Number of 
years of 
observations 
=e) 
ny 
4 
> 
we 
a 
a 


tide-pole. 
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INSPECTION OF TIDAL OBSERVATORIES. 


Under the orders of the Superintendent of the Trigonometrical Survey, with a view to 
economy in travelling expenses, Dr. J. de Graaff Hunter, M.A., Se. D., F. Inst. P., Officer 
in charge of the Computing Office, inspected the tidal observatories at Madras and Aden; and 
Mr. E.C.J. Bond, V. D., Officer in charge of the Magnetic Party, inspected the tidal 
observatories at Bombay (Apollo Bandar), Bombay (Prince’s Dock) and Karachi. 


Mr. D.H. Luxa, the tidal-assistant, inspected the tidal observatories at Kidderpore, 
Rangoon, Moulmein and Port Blair. The inspection of each observatory was carefully 
carried out, special attention being paid to the following points :— 

(a) Checking the working zero of the tide-gauge and comparing the same with the 
true zero. 

(5) ‘Testing the stability of the tide-gauge, by check-levelling between its bed plate and 
the bench-mark of reference. This was done in every case except at Madras. 

(c) Testing the zero of the graduated staff with reference to the zero of the tide-gauge. 
This was done in every case except at Madras. 

(¢) The cleaning and overhauling of all instruments thoroughly and vetting them in 
perfect working order. 

(ec) The final adjustment of the tide-gauge and working zero, after cleaning the whole 
apparatus. 

(7) Examination and cleaning of the observatory well and the inlet hole, and securing 

~ free communication between the sea and the well. 

(g) General examination of the observatory cabin with the object of getting any repairs 

done, if necessary. 
REMARKS REGARDING THE WorKING OF EACH TIDAL OBSERVATORY. 


Aden.—This observatory was inspected in March 1922, and appeared to have worked 
well since the last inspection and to be in good condition. There were in all 6 breaks in the 
registration of the tidal curves during the period under review. These stoppages occurred 
as follows :— 

On the 7th August and 6th November 1921. These varied from 24 to 3 hours 
respectively and were due to the choking of the inlet hole. To guard against this in future, 
the observatory clerk has been instructed to have the inlet hole examined, and cleaned, if 
necessary, every month. The other stoppages occurred on the 24th and 28th November and 
the 24th December 1921, and were due to the driving clock having stopped. The remaining 
stoppage on the 4th April 1921 was due to the pencil not marking. 

Karacht.—The observatory was inspected in March 1922. The tide-gauge was found 
to be working quite satisfactorily. There were two interruptions during the past year owing 
to the communication hole in the cylinder being blocked with mud. A diver was employed 
on the 14th January and again on the 15th and 16th March 1922, to remove the mud which 
had accumulated round the outside of the cylinder. 

Bombay (Apollo Bandar).—The inspection of this observatory was carried out during 
February 1922. The tide-gauge was found to be working satisfactorily and there were no 
breaks in the registration of the tidal curves. 

Bombay (Prence’s Dock).—This observatory was inspected in February 1922. The 
tide-cauge clock was compared and found to be correct. The tide-gauge was clean and 
appeared to be working well. There were six interruptions in the registration of the tidal 
curves since this observatory was last inspected. These interruptions were due to the pencil 
wire breaking, and in each case a new wire was fixed and the pencil adjusted. 

During the inspection it was noticed that the holes in the copper band were far too 
large for the studs on the wheel, and this resulted in the band slipping by about 1/10th of 
an inch either in one direction or the other, during both rising and falling tides, and that in 
consequence of this play, the pencil registrations on the diagram are lable to an error of 
about 0:02 of a foot with reference to the zero of the gauge. 

Madras.—This tidal observatory was inspected during January and February 1922. 
The tide-gauge has worked quite satisfactorily since the last inspection in December 1920, 
except for a break in the registration of the tidal curves from the 9th to the 11th July and 
again on the lith July 1921, caused through the tide-cauge clock failing to drive the drum. 
No spirit-levelling was carried out at this inspection. 

Kidderpore.—Thuis observatory was inspected in November ]921. The tide-gauge has 
worked very satisfactorily, not a single break in the tidal registration having occurred during 
the past year. The greatest error of the tide-gauge clock was found to have been 1™ 11° fast on 
the 10th November 1921, when compared against the time-ball at Fort William, Calcutta. 
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The bottom of the cylinder was examined and found to contain a small quantity of 
mud, which was removed by a diver. The mud that had accumulated on the outside of the 
cylinder was removed twice during the year. 

Langoon,—This tidal observatory was inspected in Decemker 1921. The tide-cauze 
was found to be working well. 

During the inspection a diver was employed in removing the mud that had aceumu- 
lated at the bottom of the cylinder, and in cleaning out the communicating hole between 
the evlinder and the river. 

Since the last inspection of this observatory there were 9 breaks in the registration of 
the tidal curves varying from 1 to 163 hours in duration. These were all due to the stop- 
paze of the driving clock, except in one case, when the interruption was due to the chain and the 
band becoming entangled in the evylinder. A new tide-gauce clock was sent out from Dehra 
Din, and this was connected with the gauge on the Ist August 1921. The new clock stop- 
ped on three occasions, but the stoppage in each case was due to the bridge connecting the 
Observatory with the river bank being under repairs. 

Moulnetn.—This_ observatory was inspected in November 1921. Since the last 
inspection of the tide-gauge, the following interruptions in the registration of the tidal 
curves occurred :-— 

l From 6 p.m. 11th February to 7 a.m. 12th February 1921, due to the peneil 
failing to register, the pencil having become worn. 

2, From 5 p.m. 30th May to 12 a.m. 3!st May 192], due to the serew and nut 
of the float having become undone. This resulted in the band shipping off the stud-wheel 
and falling into the evlinder; the shock thus occasioned, snapped the chain on the pencil 
traveller. 

3. From 12 a.m. 5th June to 10°45 a.m. 6th June 1921, the band became kinked 
and eventually snaj:ped, falling on to the float inside the evlinder. 

4. From l a.m. till 7 a.m.on the 14th September 1921 and from J1 p.m. 26th 
November to 7°45 a.m. 27th November 1921, the pencil failed to register the tidal eurves 
owing to its having become worn. 

5. Except for the above interruptions, the tide-gauge has worked quite satisfactorily 
during the past year. Thieves broke into the Observatory eabin on the night of the Ist 
May 1921], and removed the brass slides from the sides and top of the tide-gauge clock, 
fortunately, without causing any break in the registration of the tidal-curve. 

Port Blatr.—The inspection of this observatory was carried out in December 1921. 
ve and the 


= 


The cabin was found ina very clean, neat and tidy condition. The tide-gau 
auxiliary instruments have all worked well and without a single interruption. 


Comevrations AND Reptctions or OBSERVATIONS. 

The only computation undertaken during the past year was in connection with the 
Port of Basrah, the hourly readings of water level supphed by the Director, Inland Water 
Transport, Mesopotamia, for the year 1921, being reduced by the method of harmonic 
analysis. The tidal constants deduced therefrom are shown in the attached table. These 
give the amplitudes (IR) and the epochs (¢) at Basrah. The values of (IJ) and («) are also 
given, and these are connected with (Ri and (¢) through the various astronomical quantities 
involved in the positions of the sun and moon, in sucha way, that if the tidal observations 
were consistent from vear to year, (H) and («) would result in being the same for each year’s 
reductions. 

The harmonie analysis of the tidal observations for the nine working ports, viz., Aden, 
Karachi, Bombay (Apollo Bandar!, Bombay (Prince’s Dock), Madras, Kidderpore, Rangoon, 
Moulmein and Port Blair, was discontinued this year, on the advice of Dr. Doodson, D.Se., 
Tidal Institute, University of Liverpool, who considered that further continuance of the 
present methods of harmonic analysis would not, in view of the long periods during which 
they had already been applied, give a commensurate increase in the precision of the derived 
tidal constants. Moreover Professor Horace Lamb, I’.R.S., Manchester University, stated 
that no important gain would result from the prolonged application of harmonic analysis to 
the records of any port, when once a reasonable set of constants had been secured. It was 
for this reason that the reduction of the tidal observations of various French ports had been 
discontinued. 

It is hoped that it may be possible to take up intensive tidal research at selected 
points, in the near future. 
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Tide Symbol 


Short 
Period 


QN, 
(M,N), 
(M,K,), 


Long 


Period 
Mm 
Mf 
MSf 

Sa 
Ssa 


0-310 
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PREPARATION OF Data. 
The following data were prepared during the year under report :—- 
(2) Values of the tidal constants for the tide-tables for Basrah for 1923 and 1924. 


(6) Actual heights and times of high and low-water during 1920 and 1921 at 12 
stations. These include 9 stations at which regular tidal observations by self- 
registering tide-gauges were carried out, and three stations at which the times 
and heights of high and low-water readings were taken during day-light only. 


(c) Comparisons of actual with predicted values for 1920 and 1921, the errors being 
tabulated in such a manner as to be of use in improving the future predictions, 
if possible. 


(d) In addition to the above, the values of the tidal constants for the 40 Indian 
ports, for the tide-tables for 1924 and 1925, were prepared for use in the 
tide-predicting machine now at Dehra Dan. 


Errors 1N PREDICTIONS. 


The predicted times and heights for high and low-waters for the year 1921, as given 
in the tide-tables, have been compared with the actual values obtained from tidal observations 
at the nine stations now working, and at the three other stations where tidal registrations by 
self-registering tide-gauges were stopped, but at which the times and heights of high and 
low-waters were noted by a watch, and tide-pole readings during day-light. The errors of 
the predictions thus determined, are tabulated in the 6 tables herewith appended. 


No. 1. 
Percentages and amounts of the errors in the predicted times of high-water 


at the various tidal stations for the year 1921. 


Number of 
Automatic | compnrisons Eerora of Errors over | Errors over | Errors over 


Stariony. Gases la iaa | estes | emits me | vee aera 
observutions. pee * | 15 minutes, | 20 minutes. | 30 minutes. 
Percent | Percent | Percent | Percent | Per cent 

Aden es Auto. 700 35 47 8 6 4 

Karachi was * 705 35 42 11 9 3 

Bhaunagar Wes T.P. 365 64 36 ) 0 0 

ecm Bandar)| Auto. 705 31 42 13 12 2 
Bombay 

(Prince's Dock) “ 705 35 45 10 7 3 

Madras ee " 701 24 37 10 17 13 

Kidderpore oa 705 31 44 11 11 3 

Chittagong = T.P. 365 13 48 19 13 7 

Akyab ees ‘a 365 85 12 3 0 0 

Rangoon aes Auto. 700 32 47 11 9 l 

Moulmein cos i 698 26 43 14 14 4 

Port Blair nde i 706 - 45 44 6 4 1 


Basrah eae T.P. 705 7 16 6 15 56 
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No. 2, 
Percentages and amounts of the errors in the predicted times of low-water 


at the various tidal stations for the year 1921. 


Number of 
Automatic compermcue Exrors of oe bey Tee rs over rons rs over Pecseascke 
or ween : minu 6 minutes minu 
tide-pole | actual and See and under | and under | ano under | 30 minutes, 
observations.| predicted * | 15 minutes. | 29 minutes, | 80 minutes. 


STATIONS, 


values, | 
Percent | Percent | Percent | Percent | Per cent 

Aden ae Auto. 697 34 43 10 8 5 
Karachi a ‘i 705 31 39 11 14 5 
Bhaunagar oes T, P, 365 63 87 0 0 0 
eee Bandar) Auto, 104 26 46 12 12 4 

Bombay 
(Prince’s Dock) ie 705 27 41 12 16 5 
Madras eds a 689 22 34 12 19 13 
Kidderporu bee 9 708 33 41 12 10 4 
Chittagong a TP. 3665 14 36 21 20 9 
akyab sie s 365 79 19 2 0 0 
Rangoon is Auto, 700 29 45 12 18 1 
Moulmein aes ds 696 20 #0 14 18 18 
Po:t Blair i ‘s 706 44 45 q 3 1 
Basrah dis T..P. 705 8 14 7 12 59 


No. 3. 
Percentages and amounts of the errors in the predicted heights of high-water 


at the various tidal stations for the year 1921, 


Number of 
Automati co sons E 
See acing | between, | Mean range } Errors cf | “Ginches | “Siuches” | Errors over 
ei ide- pole actual an 4 d : ; 
Baers tions predicted in feet. and under, "3 niches. 12 eee aren 
values. 
Percent | Percent | Per cent | Per cent 
Aden fe Auto. 70 6:7 | 96 4 0 0 
Karachi i F 705 93 | 58 37 5 | 9 
| i 

Bhaunagar : Bee LP. 36d 31°4 | ol 34 3 2 

(Apollo Bandar)| Auto. 705 13-9 | 71 24, 3 9 
Bombay | 

(Prince’s Dock) i 705 13°9 48 | 27 16 9 
Madras a) 7 701 3:5 84 | 15 to 0 
Kidderpore * wt 705 11-7 49 | 23 io 6| ag 
Chittagong | TP. 365 is-3 | 40 24 19 7 
Akyub : 365 8-3 67 30 3 0 
Rangoon as Auto. 700 16:4 | 60 , 28 9 3 

| 

Moulmein eee “ 698 12-7 | 38 27 19 16 
Port Blair * 706 66 | 91 9 0 0 


Basrah eis T. P. 705 5-2 39 29 18 14 
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No. 4. 
Percentages and amounts of the errors in the predicted heights of low-water 
at the various tidal stations for the year 1921. 


mae a a Ta a EL 


Number of 
Automatic | Comparisons Errors over | Errors over 
or between Mean range | Errors of 4 inches S8inches | Errors over 
STATIONS, tide-pole actual und at ee 4 Pane and under | and under | 123 inches, 
observations. preiee ae ch tachi BEd BUGS: 8 inches. 12 inches. 
values. 


Per cent Per cent Per cent | Per cent 


Aden wee Auto. 697 6°7 98 b 8) 0 
Karachi es ‘i 705 9°3 79 20 l 0 
Bhaunagar eee T.P. 365 31°4 55 39 4 2 
(Apollo Bandar) | Auto. 704 13:9 78 23 4 0 

Bombay 
eae Dock) - 705 13-9 56 80 10 4 
Madras se ‘ 699 3°5 93 6 ] ) 
Kidderpore - : 706 11-7 49 23 15 13 
Chittagong a T.P. 365 13°3 16 23 22 39 
Akyab ies ‘. 365 8-3 74 21 5 0 
Rangoon one Auto. 700 16-4 42 32 15 11 
Moulmein si ts 696 12°7 46 22 18 14 
Port Blair Sei * 706 6°6 96 4 0 0 
Basrah Sen LP, 705 5-2 26 20 19 35 

No. 5. 


Table of average errors in the predicted times and heights of high and =~ 
low-water at the several tidal stations for the year 1921, 


Avernge Errors 
Automatic or Mean range 


Stations. ete | arte | tient of eight 

in minutes. the range. in inches. 
Open Coast. H.W. | LW. | H.W. | LW. | H.W. | 1. W. 
Aden eee eee oe. Auto, 6-7 10 ll 0:025 | 0:025 2 2 
Karachi... Ae See ‘6 9-3 10 12 0-036 | 0-027 4 3 
Bhaunagar -T a T.P. 31:4 5 5 0-013 ; 0-013 5 5 
(Apollo Bandar) Auto. 13°9 1] 12 0:018 | 0-018 3 3 

Bombay 

: oa Dock) ” 13-9 10 13 0-036 | 0-030 6 5 
Madras... wae sie " 3°35 15 16 0-071 0-048 3 2 
Akrab ave ae aes TPs 8:3 5 5 0-030 | 0-030 3 3 
Port Blair wens ‘a Auto. 6:6 8 8 0-025 0:025 2 2 
General Mean . nthe se 9 10 0:0382 | 0-027 | 4 3 


Chittagong wan iia TF; 13°3 \4 17 0-044 | 0:075 


Rangoon ... és ae Auto. 16°4 10 11 0:020 


Moulmein 12-7 12 18 0-046 | 0-016 


Basraa eat neo T.P; 


cr 
be 
AS 
ro) 
>. 

nae 

om) 
—— 
pod 
to 


Riverain, 
Kidderpote or ues Auto. 11-7 11 11 0-050 | 0-043 6 
General Mean 
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No. 6. 
Summary for 1921. 


PERCENTAGE OF PREDICTIONS, AT HIGH AND LOW-WATER WITHIN 


Numbers of stations. nae ee tested 


a ae ee ee ee Gow. |: “Hisks (|: ows 
6 Open coast 8.R. Tide-gauge 77 72 94 97 97 99 
2 is Tide-pole 99 99 96 95 99 99 
3 Riverain S.R. Tide-gauge 74 66 75 71 92 94 
2 Tide-pole 43 36 66 42 78 59 


CoMPARISONS OF THE PREDICTIONS FOR THE YEAR 19%] WITH THOSE FOR THE 
PREVIOUS YEAR. 


On comparing the tidal predictions at the nine working stations for the year 192] 
against those for the year 1920, it was seen that the predictions of times for 1921 had improv- 
ed at Aden and slightly at Rangoon, and had deteriorated at Bombay (Apollo Bandar), 
Madras and slightly at Moulmein. The predictions of heights had improved at Karachi and 
at Kidderpore, and slightly at Rangoon, and kad deteriorated slightly at Chittagong. The 
predictions of times and heights at all the other stations were practically of the same 
standard of accuracy as in 1920. 


The greatest differences between the actual and predicted heights of low-water for 
192] at the riverain ports were as follows :— 


Kidderpore ... 2 feet 6 inches on llth August 1921, actual being lower. 
Rangoon ... 2 feet 3 inches on 8th November 1921, actual being higher. 
Moulmein....._ 2 feet 8 inches on 20th July 1921, actual being lower. 


TIpDE-TABLES. 


The tide-tables for the year 1922 for Basrah and the Indian ports were received from 
England on the 26th and 29th September and 22nd November 1921, and were immediately 
despatched to the various Port authorities and other officials. 


The tide-tables for 1923 for Basrah and the Indian ports were prepared and published 
at Dehra Dun, and their despatch wili be completed by about the end of October 1922. 


The amount realized by the sale of tide-tables during the year ending 30th Septem- 
ber 1922 was Rs. 3,§63/12/0. 


TIDE-PREDICTING MACHINE. 


This machine was received from the National Physical Laboratory, Teddington, 
England, towards the end of September 192], and was erected at Dehra Din, after necessary 
repairs had been earried out. The predictions for the 1923 tide-tables were run off on the 
machine and completed by the middle of August 1922. 


PROGRAMME FOR SEASON ]922-23. 


Tidal observations during the coming field season will be continued at the nine observ- 
atories still working, of which that at Bombay (Prince’s Dock), has been kept in operation 
by the Port authorities solely for their own special purposes. Had they not wished to do so 
this observatory would have been closed. 
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LEVELLING. 


By Brevet-Masor K. Mason, M.C., R. E. 


I. Composition of Party etc.—The party was increased to 3 single and 4, double 


PERSONNEL OF NO. 17 Parry. 
Class I Officers. 
Bt.-Major K. Mason, M.C., R. E., in charge, up to 
27th March 1922, and from Ist September 1922. 
Major F. J. M. King, R.E., in charge from 28th 
March to 19th June 1922. 
Captain E.A. Glennie, D.S. 0., R. E., in charge 
from 20th Jane to 31st August 1922. 
Class II Officers. 
Mr. G.J.S. Rae. 
» O.N. Pushong. 
R. B. Mathur, B.A. 
» K.S8S. Gopalachari, B. A. 
» N.N, Chackerbutty, L.C. E. 
Upper Subordinate Service, 
Mr. K. K. Dass, B. A. 
S.C. Mukerjee. 
» PB. Roy. 
A.A.S. Matlub Ahmad. 
Abdul Majid. 
Lower Subordinate Service, 


11 Computers. 
2 Recorders. 
3 Clerks. 


No. 2 Detachment. 


No. 3 Detachment. 


No. 4 Detachment. 


No. d Detachment. 


detachments. 


All but one double detachment took the field 
in the winter of 1921-22; while No. 2, working 
across the Pir Panjal range, did not commence 
work till April 1922. 


Party head-quarters closed at Mussoorie on 
the 26th October 1921 when four of the detach- 
ments took the field. The recess season opened 
at Mussoorie on 18th April 1922, the various 
detachments, with the exception of No. 2, return- 
ing shortly afterwards. 


II. Field detachments.—The field detach- 


ments were organized as follows :— 


No. 1 A Detachment. Mr. N.N. Chucker- 


butty. 


No. 1 B Detachment. 
Ahmad. 


No. 1 C Detachment. 
Mr. O. N. Pushong. 


Neb aa, } Gad tne 


Mr. P. B. Roy. 

Md. Ibrahim (2nd Leveller). 
Mr. K. 8. Gopalachari. 

Mr. Abdul Majid (2nd Leveller). 
Mr. S.C. Mukerjee. 

Babu H. K. Kar (2nd Leveller). 


Mr. A. A.S. Matlub 


Mr. R. B. Mathur. 


III. Programme.—The three single detachments were engaged on the following 


lines for the new level net :— 


I A Detachment.—Virameam to Tatta—line 104. 
1 B Detachment.—Jacobabad to Khanpur—part of line 101. 
Khanpur to Jhang—line 105. 
Surat to Dhala—line 113. 
1 C Detachment.—Khanpur to Marwar Pali—line 102. 
These lines are shown on the diagrams facing page 64 of Volume XV, Records of 


the Survey of India. 
in the reverse direction. 


Their adjustment cannot be taken up until they have been levelled 


The line from Karachi to Kotri-—part of line 101—had to be omitted from the pro- 


gramme owing to urgent work required by local governments, and the line Viramgam to 


Tatta could not be completed. 


No. 1 C Detachment also levelled the line from Rohri to Jim Sahib for the Sukkur 
barrage scheme, in order to relieve No. 5 double detachment of some of its programme. 

No. 2 Double Detachment, working on the old simultaneous double levelling system, 
levelled from Wazirabad ra Sialkot to Jammu and thence by the Maharaja’s new motor 
road over the Pir Panjal range by the Banihal pass, connected with the line 56E at 
Islamabad in Kashmir, thus closing an important mountain circuit. 

No. 3 Double Detachment, on the same system levelled for the Bengal Irrigation 
department and for the Nadia rivers scheme, besides closing three circuits, viz.— 

(1) Garhmuktesar to Aligarh. 


(2) 


Jhansi to Saugor. 


(3) Jharsugra to Purali. 
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~ No. 4 Double Detachment worked in the Bombay Presidency. 
Two lines, namely, (1) Nira Bridge to Bhatgar, and (2) Nira Bridge to Zalki were 
taken up for the Irrigation authorities, while the two lines Nandgaon-Ahmadnagar, and 
Sholapur-Bijapur were undertaken to close circuits or for revision purposes. 


The line Gooty to Ongole had to be omitted from the programme owing to lack 
of time. 

No. 5 Double Detachment was entirely employed on work for the Sukkur barrage 
project, the whole cost of the detachment being borne by the Bombay government. 

1V. Out-turn.—The total out-turn roughly consisted of — 

(a) 1,452 miles of primary levelling in one direction for the new net. 

(b) 812 miles of secondary levelling for closing and breaking circuits. 

(c) 315 miles of secondary levelling for the Bengal government. 

(d) 179 miles of secondary levelling for the Nira irrigation scheme, for the Bombay 
government. 

(e) 8&9 miles of secondary levelling for the Sukkur barrage scheme, for the Bombay 
covernment. 

In all, the heights of 78 primary bench-marks and 2,805 secondary bench-marks were 
determined. These include triangulation stations. 


The detail of this out-turn is shown in table I at the end of this report. 

Two records were made during the season, Mr. Roy’s out-turn of 743 miles being 
just beaten by Mr. Mukerji’s of 749 miles. Mr. Roy’s country was more difficult than 
Mr. Mukerji’s, but the latter completed the greater out-turn in the shorter time. 

Both levellers are to be congratulated on their work. 


V. Beuch-marks.—With the exception of those in the Sukkur barrage area, bench- 
marks were constructed after the usual Survey of India types. Every effort was however 
made to use rock-cut bench-marks and this enabled a saving to be made on the cost of cons- 
truction. In the Sukkur area a type designed by the Bombay engineers was submitted to 
and approved by the Superintendent of the Trigonometrical Survey. This type, known as 
Musto’s type, has been taken into use by the Survey of India. 


VI. Cost.—lIt is interesting to record the cost of the secondary work done for locak 
governments. The Bombay government paid for the levelling in the Sukkur barrage and 
Nira canal areas. The total estimate for the two works was Rs. 22,000 and the total cost, 
Rs. 22,260/4/2, additional work having been asked for in the Sukkur area, which was not 
estimated for. This additional work cost Rs. 1,767, so that the work would have been com- 
pleted within the estimate. 

889 miles of levelling in the Sukkur area cost Rs. 16,619/0/2 ; 179 miles in the Nira. 
area cost Rs. 5,641/4/0. The rate of the first was therefore Rs. 19/0 a mile, while that of the 
latter was as high as Rs. 30/0. A short programme, such as that in the Nira area, cannot be 
economical, when the cost of transporting the detachment to the area for a short time bears a 
high proportion to the total cost. 

VII. The New Level Net.—The programme laid down for the new level net, —vide 
page 64, Vol. XV, Records of the Survey of India—could not be strictly adhered to. The 
line Karachi to Kotri was not taken up and the line from Viramgam to Tatta was not com- 
pleted. The programme laid down for the net was 1,248 miles in one direction ; actually 1,452 
miles were levelled. The reasons of this apparent inconsistency are 

(a) that branch lines were longer than had been anticipated ; 

(6) the line Viramgam to Tatta was underestimated, and the country more difficult. 
than had been expected ; 

(c) cross lines were taken up for seismological purposes on this latter line. It was no 
fault of the detachment officer concerned that his line was not completed. 

In the coming field season almost. the whole levelling for the new net, has had to give 
way to urgent work required by local governments for irrigation purposes. The party has 
been very largely increased, but even so it has been found impossible to continue the net this 
year. It is to be hoped that in next season’s work the net will have first consideration, for in 
many cases the destruction of bench-marks on old lines has reached a very high proportion, 
and the reconstruction of a new net has become a matter of extreme urgency. 

During the cold weather of 1921-22, a Committee, appointed at Dehra Din to consider 
the whole question of levelling in India, fully admitted the urgent necessity of completing the 
new net as early as possible and approved the programme as laid down in Records Volume XV. 
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VIUIT. Levelling publications.—The following levelling publications have passed 
through the press during the year under report :— 
Ist Edition of Levelling Pamphlet No. 62. 
2nd Edition of Levelling Pamphlet No. 63. 
Addenda slips to Levelling Pamphlets, Nos. 34, 35, 39, 40, 45, 53, 54. 
Addenda slips to Addendum Pamphlet, No. 72. 
IX. Miscellaneous.— 

(a) Protection and Maintenance of Triangulation Stations.—The section of the 
Trigonometrical Office dealing with the protection of triangulation stations has been super- 
vised during the year by the Officer in charge No. 17 Party (Levelling). There is nothing 
of special interest to report. 


(b) Triangulation Sectron, Computing Office—This section has been under the control 
of the Officer in charge No. 17 Party during the year. Most of the pamphlets containing the 
primary data of Burma have been published during the year and a number of Himalayan and 
trans-frontier pamphlets have been revised. The whole triangulation of Sir Aurel Stein’s 
three Central Asian journeys was examined by Major Mason and a note prepared for his 
memoir. 

(c) Latitude obserrations.—Before the close of the field season Major Mason handed 
over charge to Major King and carried out latitude observations at four hill stations in 
Kashmir. 


(d) Triangulation tn dkora Practice Camp area.—Early in September Major Mason 
carried out some minor triangulation for the military authorities in the Akora practice camp 
area. 

X. Health.—Influenza affected No. 1 B Detachment in the field, one sAalaste dying 
of pneumonia in Multan hospital. One shalast of No. 1 C Detachment contracted illness, 
and was sent to his home where he died. With these exceptions the health of the whole 
party was excellent. 


XI. Summartes.—Below are given detailed summaries of the work of the various 
detachments. At the end will be found tables as follows :— 
Table I. Tabular out-turn of work. 
II. Check levelling. 
III. Revision levelling. 
IV. List of Great Trigonometrical Survey stations connect- 
ed by spirit-levelling. 

XII. No. 1 A Detachment.—Mr. N.N. Chuckerbutty, L.C.E., in charge. The line 
Viramgam to Tatta (No. 104) is composed of the following old lines :— 

(a) No. 49 (Viramgaém to Rajkot). 
(5) No. 48 (Rajkot to Jorya). 
(c) No. 47 (Jorya to Shikarpur, Cutch). 
(d) No. 46 (Shikarpur, Cutch to Navanar). 
(e) No. 44 (Navanar to Sujawal). 
(7) No. 45 (Sujawal to Tatta). 

Of the above, (/) and a portion of (e) were not levelled. 

The total out-turn amounted to approximately 350 miles in the course of which 18 
primary and 271 secondary bench-marks were connected ; branch lines were run to 6 primary 
and 4 secondary G.T. stations; and the heights of selected bench-marks at Bhuj and 20 miles 
both north and south of this place were determined. These latter have been fixed for check- 
level work in the event of future earthquakes in this area, and were selected in agreement 
with the Geological Survey of India. 

The levels were run along railway lines and cart tracks, the Rann of Cutch being 
crossed en route. The greater part of the country was gently undulating. Zeiss level No. 
16298, staves Nos. 16 A and B, and standard steel tape No. 5 were used. 

This is the first time the large Zeiss instrument has been used in the Survey of India, 
and it has been found highly satisfactory. 

XIII, No. 1 B Detachment.—Mr. A.A. S. Matlub Ahmad, in charge. 

(a) Jacobabad to Khanpur—part of line 101. 
(5) Khanpur to Jhang—line 105. 
(c) Surat to Dhalia—line 113. 
The above three lines were completed in the forward direction during the season. 
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A small portion of (a) and (2), from Khanpur to Bahawalpur was entirely new, the 
remainder being mainly revision work over old lines, many of the bench-marks on which had 
been lost. Five principal stations of triangulation were connected. 

The country traversed was mostly flat and sandy, and no especial difficulties were 
encountered. The Indus, Sutlej and Ravi and minor rivers were crossed by bridges, no ‘shots’ 
exceeding 7 chains in length. Binocular level No. 2698, staves No. 20 A and B, and 
standard steel tape No. 3 were used. 

XIV. No.1 C Detachment.—Mr. R.B. Mathur, B.A., in charge. 

(¢2) Khanpur to Marwar Pali—line 102. 
(6) Rohri to Jam Sahib. 

Of the above (a) was levelled in the forward direction for the new net; (4) was 
levelled for the Sukkur barrage project. 

A portion of line (a), from Lini Junction to Marwar Pali is a revision of the old line 
57 A; some old bench-marks were found intact and were re-connected but many had been lost 
or destroyed. The closing error on published values was approximately one foot in 371 miles. 

Provisional values of the line Rohri to Jim Sahib have already been supplied to the 
Sukkur barrage engineers, but final values must await the reverse levelling to Rohri. 

The line from Khanpur to Marwar Pali crosses the heart of the Rajputana desert and 
crosses the Bahawalpur, Jaisalmer, and Jodhpur States. The country is a labyrinth of sand 
dunes and ridges for about 1V0 miles from Khanpur. The numerous dunes render levelling 
operations Jaborious and difficult. Vegetation and water are scarce and the whole tract is 
sparsely populated. From Khanpur the ground rises gently but steadily to about 40 miles 
beyond Jaisalmer, whence it slopes downwards to the Jodhpur-Bikaner railway. 

Round Jaisalmer the ground is harder and less sandy, outerops of rock being met with. 

Zeiss level No. 16313, staves Nos. 1, 01, and standard steel tape No. 7 were used for 
the work. 

After the completion of the lines (a) and (4) whole of the staff with the equipment 
was transferred to No. 2 Detachment, Mr. Mathur availing himself of average pay leave. 

XV. No. 2 Detachment.—Mr. O.N. Pushong, in charge. 


Muhd. Ishak Khan S 1 level 
Muhd. Faiz-ul-Hasan ; econd levellers. 


Wazirabad to Islamabad, Kashmir, vza Sialkot and Jammu. 

This line of levels was taken up to close the Kashmir circuit, the line from Rawalpindi 
via the Jhelum valley having been levelled in the years 1911 & 1913. The country from 
Wazirabad to Jammu was fairly level but thereafter following the Maharaja’s new motor road, 
the line crossed several ridges, including the Pir Panjal range by the Banihal pass, 9,268 feet. 

Mr. Pushong on his own initiative surveyed this road on the 1-inch scale, as it had 
aot been constructed during the recent modern 1-inch surveys. 

Mr. Pushong took the opportunity of training both his recorders as second levellers, 
and the difference between the Ist and 2nd leveller was satisfactorily low throughout. The 
elosing error in Kashmir was only 3 inches in 193 miles. | 

The probable accidental error per mile according to the formula — 


P. E. = 0:6745 ge is + U-0035 foot. 
4M 


The new large Zeiss levels, Nos. 16313 and 3488, staves Nos. 1,01, 17 Aand 17 B, and 
gtandard steel tapes Nos. 7 and 2 were used throughout the work. The work forms a check 
on the statement made on page 66 of the Records Volume XV that the spirit-levelled height 
of Reban H. S. is 5 feet less than the triangulated height. 

XVI, No. 3 Levelling Detachment.—Mr. P. B. Roy, in charge. 

(a) Garhmuktesar to Aligarh. 

(6) Jhansi to Saugor. 

(c) Jharsugra to Purdlia. 

(2) Calcutta to Chuadanga. 

(e) Jessore to Barasat. 

(7) Three branch lines to Barharwa, Dhulian and Jangipur. 

The total out-turn of this detachment was 743 miles, which was very satisfactory, 
and which would have been a record for any detachment in any season, had it not been beaten 
last year by No. 5 Detachment. 

Lines (a), (4), (c), were undertaken to close circuits; (d) and (e) for the Bengal Irri- 
gation department; and the three branch lines (/), which had to be omitted from the 
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previous season’s work, as the bench-marks were not then ready, were undertaken for the 
Nadia rivers scheme. 

The field season was prolonged, and care had to be exercised to select suitable periods for 
levelling the various tracts. 

The country was generally flat throughout; from Husainabad to Khulna a very large 
number of rivers, ‘fads, and watercourses had to be crossed, and much of the country was 
liable to inundation. 

The Betwa, at Jhararghat was crossed by direct levelling; its width was 27 chains, 
and its bed was studded with rock islands. The instrument was set up on selected islands ; ; 
no ‘shot’ exceeded 11 chains in length and the two levellers obtained identical results. 

The Jamund, near Husainabad, 25:5 chains wide, was crossed by the target method. 
47 sets of observations were taken, and the difference of levels as obtained by first and 
second levellers was — 0:722 and — 0-709 foot respectively. 


The Kabadak, at Baradal, was crossed by the target method. The width here was 
14°30 chains and the difference of levels by the two levellers was 2°376 and 2°367 feet 
respectively. 

The Sibsa, at Garuikhali, was also crossed by the same method, where its width was 
35:90 chains. The two results with 18 sets of observations were 1:610 and 1°612 feet. 

Throughout the work the differences between the two levellers were satisfactory. 


The probable errors of Mr. Roy’s work according to the formula 0:6745 / as 
4 


vary between + 0°0035 and + 9:°0037 foot for the whole. 

Zeiss level No. 3342, binocular level No. 6724, staves Nos. D, D1, 22 A, 28 A, and 
standard steel tape No. 4 were used by the detachment. 

XVII. No. 4 Levelling Detachment.— Mr. K.S. Gopalachari, B.A., in charge. 

Mr. Abdul Majid, 2nd leveller. 
(a) Nandgaon-Ahmadnagar. 
(6) Nira bridge-Bhatgar. 
(c) Nira bridge-Zalki. 
- (da) Sholapur- Bijapur. 

The total out-turn was 360 miles. 

As regards the line Nandgaon to Ahmadnagar. It was originally intended to level 
from Manmad to Ahmadnagar, but owing to loss of bench-marks at the former place it was 
found impossible to check-level to the embedded mark here, and an extension had to be made 
to Nandgaon. The work was therefore delayed at the commencement. Almost all of the old 
bench-marks on this line were lost or destroyed. This line was undertaken to close a circuit 
with the three lines (1) Kalyan-Nandgaon, (2) Kalyan-Kedgaon, and (8) Poona-Ahmadnagar. 
The value of the Ahmadnagar Standard, now derived from Nandgaon gives a discrepancy 
of 0°8 feot compared with its value derived from Poona. Check-levelling at both the Nand- 
gaon embedded B.M. and the Ahmadnagar Standard was satisfactory, but the embedded 
B.M. at Ahmadnagar shows a sinkage of 0°110 foot. 

In view of the discrepancy of 0°8 foot at Ahmadnagar it has been decided to postpone 
the publication of the results of this line pending the levelling from Ahmadnagar to Dhond, 
which will be taken up during the season 1922-23, and which should pone whether the 
error lies in the Nandgaon or Poona sections of the circuit. 

Lines (4) and (c), undertaken for the Nira right bank canal project, and the line from 
Sholapur to Bijapur call for no special remark. In both cases a very large proportion of 
old bench-marks were not found and have accordingly been considered destroyed. 

With reference to the remark on page 67 of Volume IX, Records of the Survey of 
India, 1914-15, the revision of the line Sholapur-Bijapur confirms the old value of the 
bench-mark as derived from Sholapur, thus throwing the error of +0°472 foot on the 
Bijapur-Bagalkot, which therefore should be revised at an early date. 


The probable errors according to the formula = 0°6745 af ae are as follows 
4 


(a) observations held in abeyance. 
(5) + 0:0033 foot. 

(c) + 0:°0046 ,, 

(d) + 0°0037 ,, 
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Binocular levels Nos. 6727 and 6728, staves Nos. 19 A, 19 B, E, and E, and standard 
steel tape No. 8 were used. 

XVIII. No. 5 Detachment.—Mr. S. C. Mukerjee, in charge. 

Babu H. K. Kar, 2nd leveller. 

This detachment worked in the Sukkur barrage area throughout the tield season. 
The work consisted of a network of lines of varying lengths, on both sides of the Indus 
from Sukkur southwards. The out-turn of 749 miles constitutes a record for any one detach- 
ment in any season’s levelling. 

The country generally was flat except for a few low sandhills, and throughout the 
work the difference between levellers was satisfactorily low. The mean probable error of 
the whole work lay between the limits + 0:0026 and + 0:0033 foot, and is well below the 
mean for the whole of India. 

The work was expeditiously and efficiently carried out by Mr. Mukerjee, who was 
given every assistance by the engineer in charge of the Sukkur barrage scheme. 
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RECORDS OF THE SURVEY OF INDIA, 


1921-22. 


TABLE II.—CueEcx-LeEveE ine. 
Discrepancies between the old and new heights of bench-marks. 


(Vol. XVIII. 


(cho 
e . ec an 
pacman | of | emai [Bede 
re fit waa 
aS greater and 
$ So e sign— 
a8 less in 
‘ “a Original levelling. Check-levelling Piri ey 
3 ee a = 1921-22. : Habits 
5 2 Z Description. loc ella q 
Z eretee 
Miles. Feet. Date. Feet. Feet. 
(a) Inne 104 (Viramgam to Tatta). At Viramgam. 
1 {46 A] Embedded B.M. at Viramgam 0:0 0°000 | 1875-76 0°000 | 0:000 
7 | , | © at Hasalpur T.S, 4:0 | +43°279 . +43°447 |+0-°168 
4 | ,, |Upper flange of Ry. culvert No.2 | 1:9] + 2:°600 _ + 2°324 |—0°'276 
3 ” 99 99 3 0's a 1°646 9 = 1°398 +(0°248 
2] ss . ‘ 4} 1:0/ —2-090| ,, — 2°151 |—0-061 
No. 5 
42 41M ” ” (old 4 A) 0°5 aed 0°466 9 ae 0° 166 +0°300 
No. 7 : 
4. | s, " » “lag. | 98} — 07862] 4, | — 1-155 |—0-298 
No. 11] a. 
38 | » ; » (old 10) | 2°9| — 7424} ., | — 7-460 |-0-036 
No. 12 
B75). : » (lady | 07] — 1661), | — 1-585 |+0-126 
85 | ,, | Embedded B.M. at Jhund R.S./ 0°8| — 4:°066 3 — 4°054 /+0°012 
At Rajkot. 
75 |41J| Embedded B.M. at Rajkot 0°0 0°000 | 1875-76 0-000 0-000 
| 1909-10 
G.T.8. 
43 | ,, aos at Carnegy fountain o'O!; + 3:021 A + 3°006 |~0-o15 
74 1 4, » at bridge over Aji river, 0°4 |} + 8:°180 | 1890-911 + 3°123 |_¢-007 
Rajkot 
G.T.8. 
42 |» oe at clock tower, Rajkot 0°3 | +11°493 | 1909-10) +11:492 |~0-001 
G.T.S. 
76 | Sacaalrgaceea at Rajkot | 0'2! + 7-568 F + 7°580 |4+0-012 
T. 
77 | » | &AS. at C. B. P. No. 2 0°3 | —17°556 : —17°562 |—0-006 
78 | , | B.M. near C. B. P. No. 9 0'3 | — 6:°054 _ — 6°058 |—0:'004 
G.T.8. 
73 | » soe at Museum and Library | 9°2 | + 9°818 | 1875-76 + 9°812 |—0°006 
72 ls » at Telegraph office 0-1 | — 1:076 | 1909-10) — 1:076 | 0-000 
40 | 5, » at Alfred high school O'l ; — 0°011 | 1875-76) — 0:009 |+0-002 
71 | , | O at Mac Nagten Statue 0°5 : +10°920 | 1909-10  +10°904 ‘—0°016 
G.T.S. | 
41] » mot at Rajkumar college 0-0! + 1°026 1875-76 + 1-018 |—0-008 
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’ Number. 


12 
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23 
24 


21 


22 


19 
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“TABLE II—Cneck-Leve.cine.—( Continued). 


Discrepancies between the old and new heights of bench-murks. 


Bench-marks of the original levelling that were 
connected for check-levelling. 


Es Description. 
Ag — 
Miles. 
At Jorya. 
41 J) Embedded B.M. at Joryn 0:0 
G.T.8. 
O . ar, . 
Z ani at Wasram Kumar's well! 1°7 
» | Embedded B.M. at Samarthal 3°7 
G.T.S. 
- ae at Kharar-ka-deval 0°4 


Distance from 
starting bench-mark. 
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hifference 
cai 
Te eee eee) (+) or read . ) The oi + 
that the 
height was 
greater an 
the sign ~ 
leas in 
Original levelling. mae page than when 
levelled. 
Feet. Date Feet. Feet. 
0-000 | 1874-75 0°000 0° 000 
+15:046 ee +15°014 |—~9-082 
— 4°872 ” — 4:944 |~0-072 
+ 2°848 % + 2°796 |—0:052 


At Nakhtardna. 


Embedded B.M. at Nakhtarana 


G. T.8. 


O_ at Trikamdas-ka-dehri 


B. M. 


(a,) Parts of Lines 101 and 105 (Jacobabid to Shang). 


G.T.S 
Standard 
1908 


39 D Bench-mark 


Iron plug Ex. En. office 


G.T.S. 
» |B.OM. at Clock tower 


Q.T.8. 


ss O ee 
te at Municipal office 


G.T.S. 
O 
» | Boe at Platform of KR. 8. 


ea 


- ae at Railway Station 


G.T.S. 


O : i 
” | Bw. at Lang. Shah’s Takia 


* Geod. No. 2 of Line 47 A. 


0°0 


3°4 


0:00 


0°03 


0-56 


0°97 


1°51 


1°56 


1-99 


0°000 | 1874.75 9-000 


4 72°384 +72°394 


At Jacobabid, 


0-000 {1909-10 0-000 
— 1-420 53 — 1:417 
+ 4:°160 is + 4:°130 
— 3:°478 53 — 3:°495 
+ 2°847 ‘5 + 2°885 
— 8:°135 ‘5 — 8:140 
+ 6°686 * + 6 691 


0-000 


+ 0-°003 


—0°030 


—0-°017 


+0°038 


—0°005 


+0°005 
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TABLE II.—CxeEck-LEvELLING.—( Continued). 


Descrepanctes between the old and new heights of bench-marks. 


Difference 
. (Check— 
Bench-marks of the original levelling that were F Observed height above (+) or below(—) (The sien ). 
connected for check-levelling. ae starting bench-mark as determined { a 
5) @ 
1 ae 
: ise 
: Original levelling, Check-levelling | per ctren 
& $43 r 1921-22. ini 
E ? 8 Description. levelled. 
e | ae — —_—. 
Miles. Feet. Date. Feet. Feet. 
At Shikarpur. 
G.T.S. 
O e : e 
te at Railway Station 
G.T.8. 
O 48 : ; 
Pat at waiting hall of KR. S. 
G.2.8, 
B.O.M. : ; . 
ik 1908 at Railway Station 
G.T.8. 
O e 
et at Govt. High School 
G.T.S. 
O e 
Bit. at Railway Rest House 
G.T.S. 
O e ° 
BM. at Circuit House 
Iron Plug at Circuit House 
G.T.S. 
pe at Civil Judge’s Court 
oe at bridge 26 between p 
B.M. T.P. 27 
9&8 
At Ruk. 
G.T.S. 
66 |40 A Boy, 2t bridge No. 1 near Ruk | 0°00 0-000 | 1909-10 0000 | 0:000] 
G.T.8. - 
Pe | Oe os, ae BBP 0-64] — 1-264] ,, —1°682 |—0-418 
63 G.T.8. ma 
; nae 99 99 313 99 2°19 — 1° 246 99 —0°85l +0°395 
At Rohri. 
G.T.S. ; 
44 40A pu at Rohri Jn. B.S. 0:00 0:000 | 1909-10 0:000} 0:000 
A.D. 1904 
97 0.7.8. at Rock Tomb of Shah 
Meee (Math Sud Pir 1:72} +70°711| ,, +70°795 |+0°084 
R.G, 
95 | ,, oe at Gorkha Canal 1:05} —16-738 —16°676 |+0:062 
No. 10 


* Mark-stone shakes when train passes. 
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TABLE II—Cuecx-Leve.line.—( Continued). 
Discrepancies between the old and new heights of bench-marks. 
erence 
r ei 
Bench-marks of the original lovelling that were ad Observed height above (+) or har = The sign+ 
connected for check-levelling. E a starting bench-mark as determined erga 
a5 cocoa) 
ieee” 
: te 
Py : Original levelling. Check-levelling than when 
F Eg Description. Meal? ee San 
zZ |A@ 
Miles. Feet. Date. Feet. Feet 
At Khanpur. 
19 |39 L| O at bridge over Gajjanwah 0°00 0:000 {1909-10 0:000; 0:000 
18 | ., | sopvoe4 at Khanpur Jn. B.S. 0-30| +4°604 ‘ + 4 558 |—0°051 
GTS. 
7 | 4 & at bridge No. 2 0°60} —4°822 3 — 4°807 |+0°015 
15 » | 8.B.M. at Khanpur 0:87 —1°780 . — 1°765 1+0°915 
GT.S. 
16 | ,, HOF at bridge over Hajiwah 0°92 | +3°685 is + 3°671 |—0°014 
oM. 
At Jhang. 
74 |44A Bou at Jhang Maghiana R.S. | 0:00 0°000 |1910-11 0-000} 0-000 
G.T.S. 
72 | =, a £. - 0°17 | --9°224 + — 9°250 |-—0-026 
1911 | 
G.T.S. 
71] ,, ae at Session’s house 1°25 +1 °398 ¥; + 1°373 |-—0°025 
igi 
G.T.8. ; | . 4 
99 | » | Bu.co at pillar E of Jhang 1°85] +6°214 r» + 6°247 140-033 
G.T.S. 
70 | ,, 0, at Kachahri road 1°86 | —1°075 F — 0:088 |—0°013 
B.M. 
(b) Line 113 (Surat to Dhalia). At Surat. 
G. TS, | 
70 |46C| 8. 8B. M. at Surat 0°00 0:000 | 1909-10 0:000 | 0°000 
1905 
G. T. S. 
69 re oy at High School 0°17| — 8:°840 | 1875-78) — 8:°831 |+0°009 
B. M. 
G.T.S. 
GS | ,, Boe at Jhaveri Institute O-2b| + 5°175 ‘3 + 5°168 |—0:°007 
G. 7.8. 
67 | » | ,O, at Female Hospital 0:52; + 1:429 r + 1°429 | 0:000 
G.T.8. 
66 | ,, 20 at Reservoir 0°70| + 4°760 ’ + 4°748 |—0°012 
. M. 
G.T.S. 
46], | OQ, at Clock Tower 1-:16| — 5°60 . — 5°598 |+0°008 
G.7.8. 
65 - el at Parak dispensary 1:18; + 1:°788 ‘3 + 1°748 |+0°010 
G.T. 8. 
45 | ,, 0. at Dharmsala 1°86] — 0°118 | 1909-10; — 0:°227 | -0:109 
B, M. 
G. T. 8. 
63 | » =o at Platform of R, 8S. 2°03| +16-631 | 1875-78) +16°623 ;—0:°008 
G.T. 8. t 
64 | ,, Pat at R. S. 2°06, — 1°145 3 — 1°114 |/+ 0°081 
1877 


* Letters defaced. f Mark sank. 


t It rests loose on masonry and is only 9 inches below ground level. 


72 


Number. 


107 


106 


108 


109 


110 


15 
16 
17 


18 


Degree 


Sheet. 


Bench-marks of the original levelling that were +f 
connected for check-levelling B d 
ba 
ce 
| 
Description. " 
Miles | 
At Dhilia. 
G. T. 8. 
S.B.M. at Dhulia 0:00 
1909 
G. T.S. 
O_ at Govt. High School 0°28 
B. M. . 
G.T. 8. 
B.O M, at Clock Tower 0°56 
a at Circle Inspector's office! 0-69 
G.T.8. 
Eo. at Municipal School 0:91 
G. T. 8. 
OQ at bridge new M.S. 211 | 1:06 
B. M. 
5 Om, at M. 8. No. 53 1°26 
G. T. 8. ; 
O at Rock in situ’ near 
B. M. bridge No. 68 | 2°11 
G.T.S. . 
Oat bridge No. 68 2°14 
B. M. ; 
G.T.S. 
no at Rock in situ near gate 


39L 


99 


40A 
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TaBLe I].—Cueck-LevELLine.— (Continued). 


[Vol. XVIII. 


Discrepancies between the old and new heights of bench-marks. 


(c) Inne 102 (Khanpur to Mawar Pali). At Khanpur. 
Standard Bench-marks at Khan. | 0:0 0°00 | 1909-10 
pur 
Bridge over Hajiwaih 0°1 3°685 ¥ 
Ry. Bridge over _,, 0:1} + 1:°780 3 
Stone slab Khanpur station 0°4 | + 6°602 ‘ 
(¢) Line Rohri to Jam Sahib. At Rohrr. 
Embedded B.M. at Rohri sta- 0-0 0°000 | 1921-22 
tion 
Platform of Rohri station 0:0 | + 38:°166 - 
Bridge No. 189 0'4/ — 38:°004 5 
B.M. on Gorkha canal 1:0 | — 16°676 $ 
B.M. on Nara canal 1°2 | — 12:°778 


lodge No. 14 | 2°63 


starting 


Original levelling 


Feet. 


0°000 


— 5°482 


+ 2°520 


+ 5:°208 


+ 9:°033 


— 2°651 


+ 4°318 


+24°617 
+ 4°586 


+21°417 


_Date. 


1909-10 


1883-84 


1909-10 


1877-78 & 
1883-84 


1909-10 


1877-78 & 
1883-84 


+21 


Observed height above (+) or below . ) 
bench-mark as determined 


Check-levelling 
192]-22, 


Feet. 


‘469 


iw) 


‘674 
1 +767 
"569 


riginally 
levelled 


Feet. 


0°000 


—0:'118 


—0°004 


+0006 


+0°020 


—0:006 


0-000 


-0°001 
—0°053 


+0°052 


0°000 
—0°011 
—0°013 
—0°0383 


—0:001 
+0°005 
+0:°004 
+0°001 
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TasLe I].—CHeck-LEvELLING.—(Continued). 


Discrepancies between the old and new. heights of bench-marks. 
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Mckee 
° check— 
Bench-marks of the original Levelling that were 7 Observed height above (+) or below As ) Bi Srv 
connected for check-levelling. 5 ‘ stirting bench-mark as determined reaping 
a4 that the 
9a height was 
e-4 greater an 
Sy the sign— 
5 g less in 
Py 9 . 8 Original levelling. Check-levelling he oa 
z be Description. 7 a ae 
2 | An ; a 
Miles. | Feet. Date. Feet. Feet. 
At Jam Sahib. 
93 |40B} Stone pillar in Jim Sahib dak 0:0 0:000 | 1921-22 0:000 | 0:°000 
bungalow 
94 | , | B.M. on steps of dak bungalow | 0'1| + 0-118 - + 0°121 |—0:003 
95 | ,, | Iron pipe 2} miles S.of Jam | 2°5 | + 0°119 : + 0°'074 |—0:°045 
Sahib 
92 | ,, | Bridge on Daur Road 3'1 | + 3°239 ‘i + 3°277 |+0°088 
(e) Line Wazirdbdad to Islamabad. At Islamabad. 
#22 |430)| Stone monolith at Islamabad 0:0 0-000 See 0°000 | 0:000 
#23 | , | Tree 0°3 | + 4°381 on + 4°399 |+0-018 
*24 | ,, | Bungalow step 0°3 | + 6:°945 ee + 6°901 |—0°044 
#25 | ,, | Rock 0°'6 | +168°885 es +168°877 |—0°008 
*26 | ,, | Rock Ll'l | +495-658 vas +495°656 |—0:°002 
(7) Inne 64 (Meerut to Lucknow), At Garhmuktesar. 
124 |53 L| Embedded B.M. Garhmuktesar | 0°0 0°900 | 1914-15 0:000 | 0:000 
126 | ,, | Culvert No.? 0-4] + 1°690 . +1:687 ;—0°0038 
127 » | Distant signal 10] + 2°043 z +2°048 |+0°005 
128 » | Slab of Railway bridge No. 53 1°3 — 9:199| ,, —9-185 |+0°014 
(g) Inne 63 A (Gwalior to Jhansi). At Jhansi. 
51 |54K| Standard B. M. Jhansi 0°0 0-000 | 1906-07 0°000 | 0:000 
50 » | Vestry entrance, St. Martin’s 0:0 - 0°798 $4 — 0°797 |+0:-v0l 
49 | ,, | Main ee , Ol] — 0-747] ,, — 0°749 |—0-002 
46 | ,, | G.I. P. Railway office 6:8 | +15°058] ,, | +15-063 |+0-005] 
47 | ,, | Railway officer’s Rest-house 1°2 | +23°853 | __,, +23°350 |—0°003 | 
48 », | Railway Institute 2°1 + 8:°548 as + 8°6559 |+0°011 
44 | ,, | S. end platform of Ry. station | 2°5 | + 2°369 a + 2°378 |+0°009 
43 | , | Centre of station platform 2°7 | + 2°4C5 5 + 2°466 |+0°061 


* These bench-marks are on the line from Islamabad towards Aish-Mukam. 


Note,—The check-levelling at the Wazirabad end of the line bas been treated as a branch line in order 
to give the bench-marks near and at Gujrat railway station published heights, 
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TasLe I].—CxHEcK-LEVELIING.— (Continued). 
Discrepancies between the old and new heights of bench-marks. 
Difference 
benchmencl sot ial erpe atmos | | armed trehereCauentat | ites 
Ron-| that the 
88 height was 
g greater ard 
E the sign— 
A less in 
; ai Original levelling. Check-levelling tpt 
8 ey _ 1921-23, — mally 
5 3 Description. levelled. 
B | ga eres 
Miles. Feet. | Date. Feet 
(h) Line 60 (Katni to Sironj). At Saugor. 
34 |551)| Standard B. M. Saugor 0:0 0:000 | 1898-99 0°000 | 0-000 
83 » | St. Peters’ church 0:0 + 0'562 - + 0°565 |+0:°008 
25 » | Bridge 0°4 | —25'749 a —25°752 |~0-003 
85 » | Bridge 0:8 | —44°915 Se —44°920 |—0°005 
36 » | Station platform 1°3 — 57°360 os —57°3388 |+0°022 
87 | ,, | Home signal* 1°4 | —55°585 ; —56°750 |—0°165 
88 » | Bridge No. 62 1:6 | —60°3828 - — 60°387 |—0:009 
(1) Line 40 (Bilaspur to Cuttack). At Jharsugra (Jharsuguda). 
4 |78C| Embedded B, M. Jharsugra 0:0 0: 000 aes 0:000 | 0°000 
3-94 
3 | ,, | Station platform 0°0 | — 0°992 re — 0°966 |+0°026 
1 | ,, | Ry. opening 0°9 | —24°756 ‘3 —24°732 |+0°024. 
2 | ,, | Distant signal 1-1 | —17°142 - —17°091 |+0°051 
6 | ,, | Bridge No. 1 1'6 | —25°609 7 — 25°583 |+0°056 
7 :; ; on te 4°0 | —78°146 s —78°102 |+0:°044 
8 " a » 8 5°6 | —87°338 -. —87°304 |+0°034 
9 ” ” ”» 9» 5'7 —87°168 - —87°152 |+0°016 
lo | ,, » » 10 66 | —56°605 | —56°572 |+0°033 
11 | ,, 5 Te 89 | —48-062] —48°019 |+0:043 
12 ,, | Home semaphore 10:1 | —67-°0238 5 —66:999 |+0°024 
13 » | Embedded at Lapanga 10°1 —66°795 " —66°784 ace 
(j) Line 70 B (Aurangabad to Barakar). At Purilia. 
128 | 78 1) Embedded B.M. Purulia 0:0 0°000 | 1916-17 0:000 | 0-000 
122 » | Rock cut protected 0:9 +17°013 3 +17°015 |+0°002 
121 » | Circuit house 1-1 +21°0387 a +21:034 |—0°008 
120 » | Rock-cut 1°6 | +83°885 un +83°396 |+0°011 


* Receives new height, 
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TABLE IIl—Cuecx-Levartine—(Continued). 


Discrepancies between the old and new heights of bench-marke. 


re ee pe 
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7 imerence 
: | so 
y Original). 
Penmseccear eect | gH | Omar en aera Car iton (>| Stan 
a4 that the 
3 grester tad 
a oe the sign— 
a3 less in 
k Original levelling. Check-levelling | thar urn 
§ @ Vs 2 1921-22, originally 
g B: Description. levelled. 
et = 
Miles. Feet, | Date. F eet. Feet. 
(k) ILnne?7 (Howrah to Ramganj). At Calcutta. 
3868 |79B Standard B.M. at 8.G’s office 0:0 0°000 1882-88 0°000 
1894-95 
367 » | S.G’s office 0'0 | — 0°496 ” — 0:'497 
366 » | Photo-Litho office 0-2} —1°650] ,, ~ 1-644 
365 » | M. I. office 0-3 | — 0°324 ' — 0:°335 
864 » | Sir James Outram Statue 0°9 + 0°620 ae + 0°584 
372 ” Embedded BM. Sealdah 2:6 + 1°572 vs + 1°520 
(1) Line 77 L (Chikdaha to Jayrampur). At Chuddanga, 
228 |79A| Embedded B.M. at Chuadanga 0:0 0:000 | 1920.21 0-000 | 0-000 
299 | ,, | 9. D. O's court Ol) +2915; , | + 2-916 |+0-001 
227 » | Munsif’s court 0°l + 38°809 + $°795 |-0°014 
226 | ,, | Hospital 0°38 | + 2°996 ‘s + 2:989 |~0:007 
46 » | Bridge 12 | + 1:°088 ‘- + 1°090 |+0-007 
(m) Inne 77 M (Berhampore to Tinpahar). At Tinpahar. 
53 |72 P| Culvert, Tinpahar 0:0 0:000 |1920-21 0:000 |; v-000 
54 | ,, | Embedded ‘ 0°3 | +19°289] __,, +19°162 |—0: 127% 
55 | ,, | Platform of station,, 0-8 | +13°764| ,, +13°746 |—0-018. 
66| ,, | Island platform __,, O-4] + 99421, + 9°915 [—0-027 
198 {72 O| Ry. bridge No. 294 0°5 + 8°486 " + 3°488 |+0°002 
197 | ,, | Rock in stad 2°3 | +650°788 - +50°799 |+0-011 
At Dhulian. 
87 |72P! Embedded B,M. Dhulian | 0°0 0:000 {1920.21 0°000 | 0:000 
36 | ,, | Step Dhulian P. Stn. 00 | + 4°543 ” + 4544 +0°001 
85 | ,, | Stone block 1:8} — 1°8389 ‘; — 2°045 |—0-206 
‘34 | ,, | Culvert No. 361 27 | — 4-086] ,, | — 4-080 |-0-014 


® Disturbed. 
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TABLE YI—Cuecx-LevEeLuna—( Continued). 
Discrepancies between the old and new heights of bench-marks. 


mamenisciinceimr snes | gl | Oemetenceetaen) | Bape 
3: cee 
§ es 7 4 Original levelling. Check-levelling than when 
g | Se Description. original 
m Miles.| Feet. Date. Feet. Feet 
At Jangipur. 
77 {78 D| Embedded B.M. Jangipur 0:0 0:000 {1920-21 0°000 | 0-000 
76 » | Steps S. D. O’s court 0°0 + 4°233 3 + 4°234 |+0:001. 
75 | , | Culvert 0°4 + 4°34] + 4°346 |+0:005 
74 » | Culvert 0°7 + 4°834 ” + 4°885 |+0:001 
(n) Line 33 A (Nandgaon to Ahmadnagar). At Nandgaon. 
44 |46 L| Embedded Nandgaon 0°0 0°000 |1877-78 0:000 | 0-000 
34 | ,, ‘3 Maumad 15°9 | +344°972 : | +3844°993 |+0:021 
At Ahmadnagar. 
14 |471] Standard Ahmadnagar 0:0 0:000 {1910-11 0:000 | 0:000 
10 | ,, | Embedded Ahmadnagar 1°5 —27°178 as —27°291 |-0°1138 
11 | , | Verandah G. P. O. 1-4 | —22°321 5 22°318 |+0°003 
12 | ,, | Stone Junction of Gymkhana 
Roads 0'6 | —86°166 53 —386°165 |+0°001 
138 | ,, | Culvert at Trijunction of roads — 8:°693 2 — 8°694 ~0-001 
(0) Line 26 B (Sholapur to Bydpur). At Sholapur. 
50 |47 0} Standard Sholapur 0:0 0-000 |1879-80 0*000 0-000 
~ 49 | ,, | Stone slab Engineer’s office 0:0/— 2:°250 » |— 2°2944 |+0°006 
48 | ,, | M.S.I. near Post office - O'3!|— 26°802 »  |— 26°262 |+0°040 
44 | ,, | N. end of Ry. Station Sholapur 1‘6|— 66°965 » |— 66°924 |+0°041 
— At Bydpur. 
14 |47 P| Standard Bijapur 0-0| 0-000 |1879-80!  0:000 | 0-000 
16 | ,, | Railway Station Bijapur 1'4/+ 93:°444 r + 38'487 |+0:048 
11 | , | Bridge Hipargi Road 0-2|— 8-562 » |= 8-478 -|40-089 
12 | , | Asar Mahal tank 0°4/+ 12°699 % + 12°705 |+0:006 
13 | ,, | Darbar Hall, Bijapur O'8i+ 15°913 ‘i + 15°918 |+0:°005 
19 | ,, | Malika Jahan’s Masjid 10/4 17-268 , [+ 17-264 |—0-004 
20 | ,, | Khawas Khan Guru’s Tomb | 1:3/4+ 19-316 |, |+ 19°614 |—0-002 
21 |, | Taj Bauli 1°6/+ 27°179 | ,,  |+ 27-199 |+0-020 
92 | ,, | Municipal Canarese School: 1-7/4 81-805 | 4, : + 81°792 |-0-018 
23 | ,, | Sholapur gate 2°3/+ 26:277 ‘5 + 26°286 |+0:'008 
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Discrepancies between the old and new heights of bench-marks. 
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Difference 
4 Original) 
Bench-marks of the origina] levelling that were g 4 Observed height above (+ ) or below (—) The sia + 
connected for check-levelling. 9 & starting bench-mark as determined by denotes 
en a that the 
ae height was 
He ae 
= A less in 
“F Me 1921-22 

x Original levelling. Check-lIevelling | than when 

g $ 43 2 1921-22, originally 

Fz} b 3 Description. levelled. 

2 | 4 

Miles. Feet. Date. Feet. Feet. 
(p) (Nira Canal Area). At Nira. 

76 |47 J| Embeddea, Nira 0°0 0°000 (1877-79. 0-000 0-000 
115 » | Shelka’s Gumnbad 5°3/+150°312 4 +150°280 |+0:032 
117 | ,, | Bridge on Poona-Satara Road 7°5|+ 205° 857 ‘3 +205°856 |+0°001 

(q) (Sukkur Barrage Area). At Shikdrpur. 
| 

78 40a, Embedded | 0:0 0-000 |1910-11 0-°000 0:000 

76! ,, | Step | O-J/+ 5°833 /1904-06|+ 5-830 |—0-003 

88 | , | Platform | O1;+ 65:292 |1910-11|}+ 5:276 |—0°016 

74 | ,, | Plinth O-4)/+ 2-400 |1904-06/4+ 2-392 |—0-008 

75| ., | School O-6/+ 1°367 | ,, [+ 1°862 |—0-005 

At Kambar. 

102 |40 A] Embedded (Musto’s 'I'y pe) 0-0 0°000 {1920-21 0-000 | 0:°000 
103 » | District bungalow 0-0 $t 2:°494 si + 2°494 | 0:°000 
104 | ,, | Mukhtiarkar’s office 0°3 + 1:°719 zs + 1°712 |—0°007 

At Madad Chandia. 
22 (85 M| Embedded (Musto’s Type) 0°0 0°000 |1920-21 0:000 | 0:000 
24 » | Ral 2°5 + 0-364 r + 0°342 |- 0-022 
At Mehar. 

59 |35M!| Embedded (Musto’s Type) 0°U 0°000 |1920-2) 0-000 | 0:°000 

58 | ,, | Inspection Bungalow 0-1 + 0°965 . + 0:965 | 0:°000 

60 | ,, | Mukhtiarkar’s office 0-6 | — 0°373 - — 0:°364 |+0°009 

At Sehwin. 
84 |35N| Embedded (M usto’s ‘l'ype) 0:0 0°000 |1920-2] 0:000 | 0-000 
85 Platform 0°6 + 3:°333 ss 


+ 3°327 pe 
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TABLE II]—Cueck-Leve.uine.—(Coneluded). 
Discrepancies between the old and new heights of bench-marks. 
Difference 
monasaciiectian deni: |i | tiie eanceenieeter eee 
3 8 ncigkt cus 
is “the sign 
ag pin 
Fi Original levelling. Check-levelling Pri 
3 = 192)-22. ri nally 

q is Description. levelled. 

7 Miles. Feet. Date. Feet Feet 
At Daur. 

25 |40B Pillar 0:0 0:000 {1904-06 0:000 | 0:000 

4/,] . 2°0| — 23813], — 2:326 |—0-018 

23 | 4, ; 4°0 | — 4°250 - — 4°211 |+0°089 
At Lundo. 

2 |}40B| Embedded 0°0 0°000 |1904-06 0-000 } 0:000 
88 |40C| Drain 6:2] — 8:'984 : — 8°961 |—0:027 
86 | ,, | Embedded 9:1] — 5°830 : — 5°220 |+0°110 

At Tando Adam. 

75 |40C] Bridge 0:0 0:000 }1904-06 0:000 | 0-000 
76 | ,, | Culvert 2°0| — 7:'348 a — 7°328 |+0-020 
At Mahrdbpur. 

4 |40 A| Bridge 0-0 0:000 | 1904-06 0°000 | 0:000 
2, | Drain 3°8; + 0°619 = + 0°655 |+ 0-036 
7 | » | Bridge 1-8; + 1-061 - + 0°956 |—0°105 
8 | ,, | Drain 3°8 | + 2°569 e + 2°546 |—0:°023 
9] , | Culvert 6:0 + 6°041 = + 5°976 |—0:°065 
At Hyderabad and between Hyderabad and Tando Muhammad Khan. 

161 |40C | Standard Hyderabad 0:0 0-000 | 1909-10 0°000 | 0:000 
160 | ,, | St. Thomas’ Church 0'0 | + 0:°625 m + 0°624 |-0-001 
25 | , | Culvert 6'2 | —31°270 | 1904-06) —31:275 |—0-005 
24 | » | Bridge 74 | —82°544 . —32°517 |+0°027 
23 | » | Purapet 82] —si-492| _,, —31°515 |—0-023 
21 » | Smbedded Thathar 12°2 |} —36°176 - —36°148 |+0°028 
10 “ » Tando Muhammad Khan 23-3 -— 89° 253 i —89°151 |+0:102 
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TABLE III.—ReEvision Leve tina. 
Discrepancies between the old and new heights of bench-marks. 
Difference 
: (Revision— 
Bench-marks of the original 4 Difference between orthometric 
levelling that were connected | d heights, above (+) or below (—) The + 
during the revisionary operations. Pa the starting bench-mark. deno 
es) that the 
8 8 height was 
F 2 greater and 
i ie naa a a ek 921. 
: “% From revision | than when 
§ 3 mL te Date of 1921-28 lly 
Ss Description. a) Original |(Unadjusted).| levelled. 
E Am levelling, 
Miles. Feet. Feet. Feet. 


(a) Line 102 (Lint Junction to Marwar Pali) (part of Khanpur to Marwar Pal). 
1 | 45 G| Embedded B.M. at Luni 
junction 0:0 0°000} 1907-09 0-000} 0-000 
2 » | Mile-stone No. 158 1-3 |— 1°893 ‘3 — 1:916;— 0:023 
3 be Mile-stone No. 160 3°38 |+ 11°31 - + 11°223|— 0°089 
4 »» | Mile-stone No. 162 5°3 |+ 12°913 ‘ + 12°805|— 0:°108 
5 » | Mile-stone No. 164 | 2B [+ 11°152 + 10°986)/— 0°166 
6 » | Bmbedded B.M. at Rohat 
station .| 7°8 |+ 10°480 Pr + 10°294/— 0°186 
8 » | Mile-stone No. 168 . |L1°3 |+ 18°546 i + 18°297|— 0:248 
9 » | Mile-stone No. 170 .(18°3 |+ 4£4°724 * + 44°507/— 0:217 
10 » | Mile-stone No. 172 . (15°83 |+ 85°527 i. + 85:294/— 0:°288 
1] » | Embedded B.M. at Kairla 
station .. |L6°4 |+107°490 ‘3 +107°260|— 0-230 
12{ ,, | Mile-stone No. 174 w (17°3 | +105°940 ‘i +105°684/— 0-256 
13 » | Mile-stone No. 176 ... 1L9°3 |+ 88°028 sy + 87:°760i— 0°268 
14 , | Mile-stone No. 178 .. (21°38 |+108°249 ss +107°975|— 0°274 
15 » | Mile-stone No. 180 . (23°3 |4+120°648 ” +120°382|— 0:°266 
16 » | Mile-stone No. 182 w. J25°3 |+124°712 3 + 124°422/— 0-290 
17 » | Embedded B.M. at Marwar 
Pali station . 125°6 |+123:253 +122°974;— 0°279 
(6) Part of Line 69 (Meerut to Agra). 
$75 | 58 H | Stone B.M. Walipur 0:0 0:000; 1861-62 0°000; 0-000 
7 
330 ” M.S. Allahabad 843 4°6 = 11°675 9 = 12°000)— 0°825* 
9) 
88 » | Stone B.M. Khurja .. |L1°O |— 28°080 ; — 28:008/+ 0:022* 
0) 
12 ” ” » somna . |(24°6 |— 45°493 a — 48°3144+ 0:°179* 
1 | 541 » Aligarh ... |28°5 |— 64°96] * — 64°810/+ 0:°151 
3/ ,, | Well ... [38°9 |— 60°833 i — 60:200/+ 0°133 
4 » | Distant Signal ... (89°5 |— 57°70] - — 57°557/+ 0°144 
69 » | Judge's Court .. 40°8 |— 63:°833 ‘3 — 63°686/+ 0°147 
6 » | Post Office . 40°7 |— 63-801 3 — 63°659/+ 0°142 
7 » | Standard B.M. Aligarh 41°2 |— 57°913 . — 57°792\+ 0°161 
(c) Part of Inne 26A (Sholapur to Bijapur). 
1 | 47 O| Standard, Sholapur | 0°0 0:000| 1879-80 0-000; 0:000 
2 » | Protestant Church Sholapur ... | 0°4 |— 18-818 . — 13°810/+ 0°008 
3| ,, | t on Bridge .. | 0°6 |— 82-728] — 32°869|— 0°141 
6 » | Bridge in Soregaon .| 4°38 |— 63°812 . — 63°742/+ 0:070 
8 » | Temple Vadakbal .. | 8°9 | ~143°805 . —143°821;/— 0:°016 
16 » | Embedded Takli .. (L9°O |—177°874 - —177°221)/+ 0°153 
20 » | Dipmal, Yalgi village .. (25°9 |— 98°871 ” — 93°947/— 0-:076 
22 < - Zalki __,, .. |(30°9 |— = 5682 ys — 5:°691/— 0:059 
23 », | Embedded Zalki village .. (30°9 |— + 9°627 - — 9°582)+ 0°045 
45 | 47 P | Shahapur gate .. |6L°6 |+402°976 ‘3 +402°977/+ 0:°001 
46 » | Canarese School . (62°2 |4+408-504 st +408°482/— 0:022 
47 | ,, | Taj Bauli ... (62°83 |+408°878} +403°869|— 0-009 
48 » | Khawas Khan's Guru’s Tomb.... |62°6 |+396°215 Z +396°205/— 0:010 
49 » | Malika Jahan’s Masjid .. (62°9 |+393°967 - +398:°955|/~— 6:012 
60 | ,, | Darbar Hall Bijapur .. 163°1 |+392-612| +392°609/— 0°003 
51 » | Asar Mahal tank . 163°5 |+389°398 A +889:°397/— 0:°001 
52 » | Bridge on Hipargi road 63°7 |+368°1387 - +368°221/+ 0:°084 
53 | ,, | Standard Bijapur 63°9 |+876°699 ‘5 + 876-694/— 0°005 


* Receives new height. 
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TABLE IV. 


List of Great Trigonometrical Survey Stations connected by Spintelevelling, Season 1921-22. 


Height above mean sea-level 


poe | Difference 
New spirit-| Old spirit-| Triangu- | 4°——-New REMARES 
levelling | levelling lation : 


Name of station. 


Feet. Feet. Feet. Feet. 


Series 2and &. Budhon Meridional and Calcutta Longitudinal. 


Top mark-stone. (Vide 
Triangulation pamphlet 54 L). 


1. Budhon H:S. ... | 1867°609 i867°0 | — 0°6 


Series 5. Calcutta Longitudinal. 


2. Calcutta base-line 


Southend T.S. _... 13°857 Bes 13°0 | — 0'9 Top of circular pillar. 
(Fide ‘Triangulation pamph- 
| let 79 B). 
3. Ranjitgarh T.S, ee 878° 895 we 879°5 + 0°6 Ground floor mark-stone. 


(Pide Triangoviation pamphlet 
43 L or Syn. Vol. IV, where 
height of top of 20°5 ft. 
pillar is given as 900 ft.) 


Serves 382. Great Indus. 


4. Qhazi Kuhawar TS. 133°596 ae 1384°0 | + 0°4 Ground level mark-stune. 
( Pide Triangulation pamphlet 
35 M). 


Series 29. Gujrat Longitudinal. 


| 
5. Hasalpur TS. ... | *182°989, 1382°821) 134 + 1:0 Top mark-stone, (Vide 
Triangulation pamphlet 46 A). 


G. Ingrodi T,S. ... | *141°518; 151°018 152 +10°5 Top mark-stone. (Vide 
Triangulation pamplilet 41 N). 


| 


Series 28 and 35. Kathidwar Meridional and Cutch Coast. 


7. Vandhia S. ... | *115°259) 115°846/] 116 + O'7 Top of circular pillar, 
(Vide Triangulation pamphlet 
41 1). 


Series 35. Cutch Coast. 


8. Bhachau HS. ve | *3802°715) 308°148 | 3801 — 1°7 Top of circular pillar. 
(Fide Triangulation pamphle 
41 1). 


Top of circular pillar. 
(Vide Triangulation pamphlet 
41 1). 


+ 
oA 
oO 


9. Sukhpur HS. ... | *3856°381] 356°6386 | 357 


10. Charakda B.S. woe | *417°515) £17°958 | 419 + 1°35 Top of circular pillar. 
(Fide Triangulation pamphlet 
41 E). 


11. Sultan-ka-got T.S.... | *188°836; 188°945| 188°0 | — 0°8 Ground level mark-stone. 
(Vide Triangulation pamphlet 


39 D). 


* These values are provisional as the lines have only been levelled in one direction. 
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TABLE I[V.—( Concluded). 


List of Great Trigonometrical Survey Stations connected by Spirit-levelling, Season 1921-22. 


Height above mean sea-level 
Difference 


Name of station. New spirit-| Old spirit-| Trianga- a New REMARKS. 
levelling | levelling lation 
Feet. Feet. Feet. Feet. 


Series 45. Sutlej Meridional. 


12 Chanikhan TS. ... | *818°026) 319-066 | 
Ground level mark-stones. 
\. (Vide Triangulation pam- 
phlet 39 0). 
13. Godri TS. w. | #378453) 378 °992 381 © $2°5 J 


Series 48. Hast Calcutta Longitudinal. 


14. Basantia T-.s. see 17:088 - 21:0) +8:°9 Ground floor mark-stone. 
(Vide Triangulation pamph- 
let 79 E). 


15. Berghom TS. ... {|  22°259 sae 24°00) +1°7 Ground floor mark-stone. 
(Vide Triungulation pampL- 
let 79 B). 


16. Bhaturia T'S. ee 18°554 _ 20'0! +1:4 Ground floor mark-stone. 
(Vide Triangulation pamph - 
let 79 E). 


17. Bira TS. 27-001 98°06 +1:°0 Ground floor mark-stone. 
_ os (Vide Triangulation pamph- 
let 79 B). 


Series 62. Jodhpore Mertdional. 


18. Samdari H.S. we | *847°049 a: 846°'0} —1:°'0 Foundation mark-stone. 
(Vide Triangulation pamphlet 
45 C). 


Series 64. Eustern Sind Meridional. 


19. Vijnot TS. ... | #256°514| 257°472 263'0; +6°5 |) 

| Ground floor mark-stone. 
i" (Vide Triangulation pamph- 
| 


let 39 H). 
20. Vin TS. ws | *242°162) 243°188 249°0} +6°8 y 


* These values are provisional as the lines have only been levelled in one direction. 
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MAGNETIC SURVEY. | 
By E. C. J. Bonn. 


PERSONNEL OF No. 18 Parry. The present report on the work of the Mag- 


Class I Officer. netic Party in 1921-22 comprises :— 
Mr. E. C.J. Bond, V.D., in charge. 


Class II Officers. I—An account of the work during the 


Mr. N. R. Mazumdar. field and recess seasons. 
, diya Lal Sabgal, from the 16th March 1922, IIl.—A note on each of the observatories. 
Upper Subordinate Service. Il].—Tables of the mean values of the mag- 
Mr. B. B. Shome. netic elements, dates of magnetic dis- 


» HH, C. Banerjee, B.A. 
Lower Subordinate Service. 
1 Magnetic Observer. 
10 Comptters, etc. 


turbances, and hourly means and diur- 
nal inequality of the magnetic elements 
at observatories in 1921. 


J].—WoRK DURING THE FIELD AND RECESS SEASONS. 


1. Work during the field season.—Complete sets of magnetic observations were taken 
at the Dehra Din and Toungoo observatories for the comparison of instruments. The 
observatories at Alibag (Bombay) and Kodaikanal, under the control of the Meteorological 
Department, were also visited by the officer in charge for the same purpose. : 


Double sets of magnetic declination, dip and horizontal force observations were taken 
during the field season at the six repeat stations—Quetta, Karachi, Bina, Dibrugarh, 
Barrackpore and Waltair. These stations are visited annually to supplement the 5-yearly 
observations at all the repeat stations in India in order to obtain accurate values of the 
average annual change in the magnetic elements, as explained in last year’s report. 


The staff of the party at head-quarters were employed during the field season on the 
reduction of observations to the epochs 1909-0 and 1920:0. 


Dr. J. de Graaff Hunter, M.A., Mathematical Adviser to the Survey of India, who 
proceeded to England on leave in March 1922, kindly offered to take a magnetometer with 
him for comparison against the Kew standard instrument. Magnetometer No. 10 (with 
magnet No. 10) was selected as being the most suitable, as it had been used for some time 
as an auxiliary instrument to the standard at the Dehra Din magnetic observatory. The 
comparison was decided upon with a view to affording a means of reducing the results of 
the magnetic observations in India to terms of the British standard at the Kew observatory. 


Under the advice of Dr. Chree, F.R.S., Director of the National Physical Observa- 
tory at Kew, the Survey of India gilt inertia bar was sent to him for the redetermination 
of its moment of inertia, in order that the true value of the moment of inertia of magnet 
No. 10 might be ascertained during the comparative observations taken with that instrument 


at Kew. 


During the field season the officer in charge of the party inspected the tidal observatories 
at Bombay (Apollo Bandar and Prince’s Dock) and Karachi. The inspections of these and 
other such observatories were formerly carried out by the officer in charge of No. 16 Party 
(Tidal), but it has been decided that the inspection of the tidal observatories at Bombay 
(Apollo Bandar and Prince’s Dock), Karachi, Madras, Kidderpore (Calcutta), Rangoon, 
Moulmein and Port Blair will, as far as is practicable, be carried out in future by No. 18 
Party, in addition to the magnetic work. 


2. Work during the recess.—The computation of the observations taken at repeat 
stations, and at observatories for the comparison of instruments, and the computation and 
tabulation of the provisional values of declination, dip, horizontal force and vertical force 
at the three observatories Dehra Din, Toungoo and Kodaikanal for 1921 have been com- 
pleted. The mean values of these elements for the year, derived from the measurement 
of traces of all available days, excluding those of great disturbance, are given in Table III 
at the end of this report. 


Publication of the results of the magnetic survey.—The final reduction of the observa- 
tions at the observatories and in the field and at repeat stations to the epochs 1909-0 and 
1920-0 is very nearly completed and it is hoped that the tables of results and the necessary 
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maps etc., most of which have already been sent to press, will be ready for publication with 
the Magnetic Volume about the middle of next year. 


Special observations.—In response to a request by Dr. L.A. Bauer, Director of the 
Department of Terrestrial Magnetism of the Carnegie Institution of Washington, to all 
countries for co-operation in special simultaneous magnetic observations in connection with 
the solar eclipse of the 21st September 1922, magnetic observations were taken at the three 
observatories Dehra Dan, Toungoo and Kodaikanal in accordance with the general scheme 
of work proposed by the Department of Terrestrial Magnetism. 


The observations for declination at each of these observatories were taken simul- 
taneously for every minute from 1 hour 28 minutes to § hours 2 minutes, A.M., Greenwich 
civil mean time, on the 20th, 21st and 22nd September 1922. At the Dehra Din observatory, 
observations of horizontal foree and dip were taken in addition, during the same interval of 
time, on the above three days. It was not possible to observe more than the one element at 
Toungoo and Kodaikanal where the observatory staffs are small. 


The three observatories were within the limits of the zone of visibility of the eclipse 
and it is hoped that the results of the observations obtained in India will be of value to 
Dr. Bauer in his investigation of the effects of the eclipse on the Earth’s magnetism. 


8. Programme for 1922-23.—During the ensuing field season observations will be 
taken for the comparison of instruments at the Dehra Dan and Toungoo observatories. The 
Kodaikanal and Alibag observatories, under the control of the Meteorological Department, 
will also be visited for the same purpose. 


Magnetic observations will be taken at the repeat stations Quetta, Karachi, Bina, 
Dibrugarh, Barrackpore, Waltair and Moulmein in Burma, for the purpose of supplementing 
the observations taken at all the repeat stations every 5 years, and in order to obtain reliable 
values of the annual changes in the magnetic elements. 


The tidal observatories at Karachi, Bombay (Apollo Bandar and Prince’s Dock), 
Madras, Kidderpore, Rangoon and Mculmein, which are en route to the magnetic observa- 
tories and repeat stations, will be inspected. 


II.—THE OBSERVATORIES IN 1921-22. 
Dehra Dun Observatory. 


1. The magnetographs, with a few exceptions, have worked satisfactorily during the 
year under report. 


The clock which works the drums of the declination and horizontal foree magneto- 
graphs stopped on the 15th December. After oiling it worked well, but a week later it 
stopped again and continued to stop frequently up to the end of the month, when it was 
removed, opened up and cleaned. The axles of the drum were also cleaned and oiled and the 
clock then worked satisfactorily. On the 17th January, however, it stopped again. It was 
removed, taken to pieces and thoroughly cleaned in the Trigonometrical Survey workshops 
on the 19th, after which no further trouble was experienced. 


The arrester of the vertical foree magnetograph went out of adjustment on the 12th 
December. It was put into proper working order on the 15th. 


The vertical foree magnetograph was adjusted on the 7th July on account of the 
magnet line being near the edge of the magnetogram, owing to secular change. 


The galvanometer used in connection with the earth-inductor was reported to be 
working badly towards the end of August and the observer in his attempt to adjust it 
snapped the suspension fibre. The instrument was put into proper working order on the 
olst August. 


Magnetometer No. 5 (with magnet No. 5B) was introduced as an auxiliary instru- 
ment in place of No. 10 which was taken to England by Dr. deGraaff Hunter for comparison 
against the Kew standard. The results of the substituted instrument, in the hands of the 
new observer, have unfortunately not been very satisfactory. | 
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A large crack in the thick cement plastering on the north wall of the passage in the 
observatory was repaired early in July as a precautionary measure against any excessive flow 
of water into the observatory during the monsoons. 


The percolation of water into the passage of the observatory began this year at the 
end of August when the water rose to 6 inches. Pumping was resorted to immediately and 
was kept up day and night as there was no sign of the water diminishing until the 6th 
September. On the recurrence of heavy rain the water gradually rose again to 12 inches 
on the 14th September, in spite of continuous pumping. After that date the water gradually 
decreased until it finally subsided in the first week of October. 


Besides the danger to the observatory from repeated inundations during the monsoons, 
there is now an additional menace in the introduction of electric trams into Dehra Dun, 
which will necessitate the removal of the observatory without delay. Every endeavour is 
being made to get the necessary funds sanctioned for transferring the observatory to a 
suitable place at a safe distance from the disturbing effects of the electric tramway. 


It is proposed to build the new observatory above ground level so that the risk of 
inundations, as experienced in the underground observatory at Dehra Din, may be avoided. 

It is unfortunate that the present observatory, the principal base station of the 
magnetic survey of India which has been in existence for the past 22 years, should have to 
be abandoned. It is hoped, however, that it will be possible to preserve the continuity of 
the magnetic records by operating the old and new observatories together under undisturbed 
conditions for a few months at least before discontinuing observations at Dehra Din. 

2. Mean values of the declination and H. F. constants.—The table below gives the 
mean monthly values of the magnetic collimation, the distribution constants Py.. and P».3, 
and the accepted values of p and q used in determining the value of the distribution factor. 
The values of the moment “7” in the table were derived from vibration observations taken | 


with the chronograph. 
Mean values of the constants of magnet No. 17 in 1921. 
aaa aac 


DECLINATION H. F. CONSTANTS, 
CONSTANTS, 
DISTRIBUTION FACTORS, MEAN VALUES OF m. 
MONTHS. 
cee Accepted values 
Sil aes P Pp eee Monthly Accepted 
1:2 2°3 p q means, m,. 
January a - 6 46 6°03 7°06 807-02 
February ‘as - 6 40 5:86 7-24 807-01 
April aut — 6 44 5:70 6°87 8V6-81 PS 
S 
° 
May ves —- 6 44 5:83 6:87 806-85 
Ne. ° 
June <a - 6 47 5°81 7°01 8 e 806°81 5 
ise) 
July i - 6 53 5-76 7°24 os 806°50 PS 
August a = 7. -0 5-80 6-95 806-81 5 
September re - 7 1 5 81 6°89 806: 87 
October See - 7 O 5°77 7°16 806°91 
November nae - 6 57 5°80 6:93 807:°03 
December ee - 6 8&9 5:87 6:91 807-08 


3. Mean base line values.—The table below gives the mean monthly observed and 
accepted values of the declination and horizontal force base lines: the accepted values have 
been used to compute the values of these elements for 1921. The horizontal force base lines 
have been derived from H as determined with the moment of inertia and distribution 
coefficient used in the computations for 1915. 
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Base line values of magnetographs in 1921. 


DECLINATION. HORIZONTAL FORCE. 


MonrTns. 


Mean value Base line | Mean value | Basc line 
of Base line. accepted of Base line.| accepted 


a se _ C. G. §. C. G. S. 
January -| 1 3:7 1 3°7 32673 -32673 


February wo] 1 41 1 4:1 °32673 *32673 
March . , 4:0 1 4:0 *32677 *32677 
April Sea 4°3 1 4°3 *32682 
May ee 4°4 4°4 ‘32680 
June bo 46 4°6 -32678 
July 4:8 4°8 32674 
August a 4°6 4°6 *32667 
September wae 4°5 4°5 "32672 
October nee 4°9 4°9 *32669 
November as 4°9 4:9 *32663 
December ous 4°8 4°8 *32657 


4. Mean scale value and temperature range.—The mean scale values for 192] for an 
ordinate of 1/25 inch are :— 
Horizontal Force 4:36 gammas. 
Declination 1°03 minutes. 
Vertical Force 8°31 to 8:93 from Ist January to 15th July. 
10°47 ,, 10°87 from 16th July to 16th August. 
6:71 ,, 7:46 from 19th August to 31st December. 

The mean temperature for the year was 26°°9 C.; with maximum and minimum 
monthly values of 27°-0 C. and 26°°6C. The temperature of reduction is 27°:0C. 

5. Mean monthly values and annual changes.—The following table shows the month- 
ly mean values of the magnetic elements for 1920 and 1921 and the annual changes for that 
period. The annual changes for horizontal force are deduced from the values of H corrected 
for the moment of inertia and the distribution factor used in the computations for 1915. 


Annual changes at Dehra Din tn 1920-21. 


HORIZONTAL FORCE DECLINATION Dip VERTICAL FoRCE 
°32000 C. G. S.+ E. 1° + N. 44? + -32000 C. G. S.+ 
MONTHS. Se pe SS 


1920, | 1921. Annual 


9}, | Annual A 1 
change. 1921 1920, | 1931. nnua 


change, change. 


ee | | A | | a 


January 966 | 946 | — 20 62-3 | + 47] 920| 990] + 7% 
February 967 | 953 | — 14 62-2) + 4°8| 926] 995 | + 69 
March -- | 956 | 956 0 62°6 | + 3:6 | 986] 1007] + 71 
April | 950] 960 | + 10 62:9 | + 3°38 | 9353] 1016 | + 738 
May ..{ %61 | 938 | — 23 64:4 | + 5°2| 945] 1022] + 77 
June | 969 | 945 | — 24 64°5 | + 5°4] 951] 1030 | + 79 
July {| 906 | 954] — 12 64:4 | + 4-9] 955 | 1039 | + 84 
August we | 957 | 942, — 16 65°0 | + 4°5 | 965 | 1037 | + 72 
September ...] 940} 940 0 65:3 | + 4°0 | 966 | 1041 | + 75 
October «.| 929 | 9386] + 7 65°5 | + 3-7 | 964 | 1042 | + 78 
November ...| 924] 935] + 11 65'6 | + 3:8 | 959 | 1042 |} + 88 


December coe | 926 929 | + 8 


Means | 951 915 | — 6 
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Toungoo Observatory. 

The magnetographs have worked very well during the year under report. 

On the 14th May the base line light on the visual scale was not discernible and it was 
discovered that water had lodged in the scale box owing to the observatory leaking after a 
heavy fall of rain. The water was removed and the light adjusted. Necessary repairs to 
the roof of the observatory were carried out by the Public Works Department on the 
17th June. 

2. Mean values of the declination and H. F. constants.—The table below gives the 
mean monthly values of the magnetic collimation and distribution constants Pi.2 and P2.3 for 
magnets Nos. 19 A and 20 and the accepted values of p and q used in determining the dis- 
tribution factor for magnet 19 A. The values of the moment “m7” as obtained from this 
revised distribution factor are given for magnet No. 19 A. 

The distribution factor for magnet No. 20, denoted by “P” in the table, is the 
approximate expression (1 +5) 2 which has been used in the computation of — The 
correct value of the distribation factor for this magnet, which will include the Q term in the 


-1 
expression (1 +5 + ) , will be computed later on when sufficient data are available 


for an accurate determination, as it is only from an extended series of deflection observations 
that a reliable value of the distribution coefficient can be obtained. The provisionally 
accepted value of ‘“‘m”’, given in the table for magnet No. 20, has been determined from the 
approximate expression used for the distribution factor. 

The values of ‘‘m” for both magnets Nos. 19 A and 20 were derived from vibration 
observations taken with the chronograph. 

The monthly mean values of “m” for magnet No. 20 are fairly steady and are much 
more satisfactory as compared with the rapidly decreasing values of #4e moment of magnet 
No. 19 A previously in use at the observatory. 

Mean values of the constants of magnets Nos. 19 A and 20 in 1921. 


DECLINATION 


pater H. F. CONSTANTS. 
Montus. DIstRIBUTION Factons, Mzan ‘ase OF m. 
gnats eee ea 
collimation. P.. P, : Accepted values. Monthly Accepted 
ees aaeeee (OS SA A: Pe eae eo 
January es —- ll 28 8°38 7°86 ‘vi : 
February cn — 11 80 8°39 7°81 fos ated 864°12 eats 
March wi —- 7 26 6°90 796 (1) 981-14 |) 
April oe - 7 27 6:99 8:06 930-98 | 
May oF - 7 2 7°05 7°60 931°19 | 
June i - 7 28 6°87 7°78 | 931-30 | 4 
July see - 7 15 7-01 7°51 & 931°34 | 25 
August i) a Bs 7-12 7-87 | 1 931-40 | o 8 
September see - 7 18 6-97 7-64 | ™ 931°40 | 
October . me -~ 7 15 6°95 1°34 981-39 
November sai —- 7 16 7°02 7°52 931-41 | 
December ss - 7 15 6°94 731 =6|J 931-47 


Magnet No. 19 A was used up to February. 
» No. 20 » 5, stom March. 


3. Mean base line values.—The table below gives the mean monthly observed and 
accepted values of the declination and horizontal force base lines. The accepted values have 
been used to compute the values of these elements for 1921. The horizontal force base 
lines for January and February have been derived from H as determined with the moment 
of inertia and distribution coefficient used in the computations for 1915. The base lines 
for the remainder of the year have been derived from H as determined with the moment of 
inertia obtained for magnet No. 20 at Toungoo in February 1921 and the approximate 
expression of the distribution coefficient referred to in the preceding para. 
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The value of the instrumental] difference, using these provisional constants, is 19A — 
20=4 gammas for horizontal force. The instrumental difference for declination between 
19A and 20 is nz. 


Base line values of magnetographs in 1921. 


DECLINATION. HOB1zonTAaL FORCE. 
Monruas. 
Mean : Mean ; 
Base 1 Base line 
jalue of accepted, REMARKS. Talus of gice, ted: ReMABRES. 
ie} é fe] 4 
Magnet No. 19A C.G. 8. eG: Magnet No. 
January Ses 1 14°7 1 14:7 | used up to end of * 38641 *38641 | 194 used up to 
February and No. ; ; end of February 
February tes 1 14°4 1 14°4 20, from March. 38643 38643 Magnet No. 
; Difference be- ; 20 used from 
March ‘ag 1 14'1 1 14°) | tween 19A and 20 88947 88947 | 1st March. 
April 1 14:1 1 14:1 | is nil. - 38947 ‘38947 Difference 
19A—20 i ; 
May 1 14-2 1 14-2 889457)/ — 88945(1)| (7) oie a 
-38939(2) *38939(2) May. 
June - 14°38 1 14:3 38933 "38933 | (2) From oy 
July 14°6 1 14-6 -38928 38928 Seer tay 
August 1 14°56 *38926 * 38926 
September 1 14°2 "38928 "38928 
October 1 14:3 °38924 ‘38924 
November 114-2 *38921 -38921 
December ] -38916 °38916 


4. Mean scale values and temperature range.—The mean seale values for 1921 for 
an ordinate of 1/25 inch are :— 

Horizontal Force 5:36 gammas to 28th February. 

5-20 » from 28th February to the end of the year. 

Declination 1:04 minutes. 

Vertical Force 5:77 gammas to 5th May. 
5°83 », from 5th May to the end of the year. 

The mean temperature for the year was 89°°2 Fahr. with maximum and minimum 
monthly values of 89°: 5 and 89°-0 Fahr. The temperature of reduction is 89°°0 Fahr. 

5. Mean monthly values and annual changes.—The table below shows the monthly 
mean values of the magnetic elements for 1920-21, and the annual changes for that period. 
The annual changes for horizontal force are deduced from the values of H corrected for the 
moment of inertia and distribution factor as referred to in para. 8. 

Annual changes at Toungoo in 1920-21. 


HORIZONTAL FORCE DECLINATION Dip VERTICAL FORCE 
-89000 C. G. S. + W. 0° + N. 23°+ *16000 C. G. S. + 
Moxtus. fe er 
1920. | 1921. aes: 1920. | 1981. scan 1920, | 1931, ET 1920, | 1921. avanre. 
Y Y y *| ° ‘ ‘ , ’ 
January | 106] 125 +23 | 22-3 | 25-6] +3°3) 7:7 | 7:2 
February ...| 118] 139] +30 |.22-6| 25-6] +3:0/ 7-8| 7-0 
March .. | 107] 142 +39 | 22-7 | 25°4 | +2:°7| 7°71] 6:8 
April we | 105 143 +42 | 23-0 | 25:7 +2°7 |} 8:2] 8:8 
May we | 1146] 117 + 7 | 23:6 | 26°0| +2°5| 7:7) 6:4 
June .e | 128 | 122 — 2| 23°4 | 26°4 +3:0 | 7°7 | 6-7 
July ..{ 118} 132] +18] 23-6| 26-9] +3°3| 7-8] 6-7 
August . | 109 128 +23 | 23-9 | 27°] +3°2 | 79) 71 
September ..,| 103 | 132 +33 | 24°6 | 27-6} +3°1/ 7-9] 7:8 
Oct ober we] 210] 181 +25 | 24°7 | 28-0 4#3°3 | 7°7 | 7°4 


November... |_ 121 135 +18 | 24°8 | 28°1 +3°3 | 7°5 7:2 
December ies 133 134 + 5 | 25:3 | 28°6 +3°3 7:3 7°2 


ee | is re | rr | ne, eee | ee 


Means | LIS | 132 +22 | 28°7 | 26°8 +#3°1 | 7:7] 7:0 


* The H.F. and V.F. Values for 1920 are in terms of Magnet 19 A and those for 1921 are in terms of 
Magnet 20. The annual changes have been corrected for the difference between Magnets 19 A and 20. 
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Kodaikanal Observatory. 


This observatory is under the control of the Meteorological Department, but the 
absolute observations and the records of the self-registering instruments are forwarded periodic- 
ally by the Director of the observatory, for computation and for record in No. 18 Party 
(Macnetic). 


The working of the magnetographs has been fairly satisfactory. The clock which 
works the drums of the declination and horizontal force magnetographs was reported to have 
stopped very often during the year. The cause of these stoppages is not stated but they are 
probably due to the clock requiring a thorough cleaning. 


The base line value of the declination rose to 0’:8 on the 18th January and returned 
to its normal value on the 21st February. The cause of the change, from a serutiny of the 
records, is traceable to lost motion in the tangent screw of the magnetometer which is report- 
ed to have been cleaned on the 18th January. 


At the request of the Director, the officer in charge of the magnetic party, during 
his visit to the observatory for taking the annual comparative observations, adjusted the 
horizontal force magnetograph on the 1st March, on account of the shift in the magnet line 
to the edge of the magnetogram, due to secular change. 


2. Mean values of the declination and H. F. constants.—The table below gives the 
mean monthly values of the magnetic coMimation, the distribution constants P1-2 and Pe2.3 
and the accepted values of p and q used in determining the values of the distribution factor. 
The values of the moment “m ” are also given, as determined by this revised distribution and 
the moment of inertia used for the computations in 1915. The values of “m” in the table 
were derived from vibration observations taken with the chronograph. 


Mean values of the constants of magnet No. 16 tn 1921. 


DECLINATION 
CONSTANTS. 


H. F. constaxsts. 


DISTRIBUTION FACTORS. MEAN VALUES OF m. 


MonrTsHs. 


Accepted values 


4) tsa). 1 per as: 
ea aS A ie ee 

January - 3 15 | 6°58 | 8-40 882-24 
February - 3 20/ 6°58 | 8 35 882-21 
March -— 8 17 | 6°56 | 8°78 882-07 
April —- 3 18 | 6-54 | 8°65 882-01 8 
May - 8 17 | 6°58 | 8-58 = 882°U3 FE 
June —- 3 15; 6°56 | 8°45 % © 882-1] 4 

my | <7 
July - 3 16 | 6:54 | 8°46 882-138 = 
August — 3 i4/| 6°64, 8°54 882°14 B 
September —- 38 13 | 6-60 | 8-56 882-10 
October - 3 18/ 6°61 | 8-4l 882°11 
November - 38 16) 6°63 | 8:44 832-16 
December — 3 17 | 6°60 | 8°62 882°11 


3. Mean base line values.—The table below gives the mean monthly observed and 
accepted base line values of the declination and horizontal force magnetographs : the accept- 
ed values have been used to compute the values of these elements for 1921. The horizontal 
force base line values have been derived from H as determined with the moment of inertia 
and distribution coefficient used in the computations for 1915. 
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Base line values of magnetographs in 1921. 


DECLINATION, HORIZONTAL FORCE. 


Mean value Base line Mean value Base line 
of Base line. accepi ed. of Base line. accepted. 


. ; C. G. S. 
January sis sa , 58°2 58° °37340 


February a seis 58-0 58: °87845 
March ve | 2 B82 58° °37344 
April he or 57° 57° °37343 
May eee ae 57° 57° *373-44 
June ee ies 58° 58° -373839 
July a iy 58° 58: °37337 
August . ae ‘es 57° 57° 37334 
September ae ses 57° 57° -373386 
October ie ig 57° 57° °37335 
November — beh 57° 57: °37336 
December Sn she 57° 57° °37337 


ot FfF& wocd$ck". © 48 6 86 WO CO W 


non ff DoH CO wo © © 


4. Mean scale values and temperature range-—The mean scale values for 1921 for 
an ordinate of 1/25 inch are :— 
_ Horizontal Force 5:95 gammas. 
Declination 1:03 minutes. 
Vertical Force 8:07 gammas to 13th June. 
: 8°84 gammas from 14th June. 
The mean temperature for the year was 17°°7 C.; with maximum and minimum 
monthly values of 18°-3 C. and 16°-6 C. The temperature of reduction is 19°:0 C. | 
5. Mean monthly values and annual changes.—The table below gives the monthly 
mean values of the magnetic elements for 1920 and 1921 and the annual changes for that 
period. The annual changes for horizontal force are deduced from the values of H corrected 
for the moment of inertia and the distribution factor used in the computations for 1915. 


Annual changes at Kodaikanal in 1920-21. 


Ee Ea eee 
VERTICAL FORCE 


HoRIZontaL FORCE DECLINATION 


°$7000 C.@. 8. + W, 1°+ N. 4° + 08000 C. G. S. + 
MostHs. , 
1920, | loa, | Aunnel 1920. | 1921. | Chango, | 1920. | 1981, | annual 
Y Y Y , i ' : ¢ y ¥ | y 
January | 775 | 812 | +37 | 47-5] 62-6] +5-1 | 34°4 | 37-2] +2°8 | O21] 055] +34 
February  ...| 779 | 827] +48 | 47-9] 58°3/ +5-4 | 34-7 | 87-3 | +2°6 | 025 | 057 | +32 
March ..| 767 | 832 | +65 | 48-0] 53-3] +5-3 | 35-6 | 37-5 | +1°9 | 034] C60] +26 
April .. | 763 | 831 | +66 | 48:6] 53°5/-4+4°9 | 36-2 | 38-0] +1°8 | 040] O66 | +26 
May ..{ 777 | 813 | +36 | 49-0] 63-7| +4°7 | 36-6 | 38-7] +2-1 | 046] 072 | +26 
June .. | 91] 818 +27 49°8| 54:4; +4°6 | 36-1 | 38°8 | +2°7 012 | 074 | +32 
July .. | 794 | 833 | +89 | 50-6] 54-4| +3-8 | 36:3 | 39:1 | +2°8 | 044! 079 | +385 
Auguet .. | 795 | 833} +38 | 51:0] 54°6| +8-5 | 86:7 | 39°1 | +2°4 049 | 078 | +29 
September ...| 792] 844) +62 | 51:0) 54°7) +3°7 | 36:4) 88:°9 | +2°5 | O45 | 077 | +382 
October | 798 | 842 | +44 | 61-6| 64-7) +3-2 | 86-7| 38-8] +21 | 049] 076] +27 
November ...| 799 | 848 | +49 | 51-9] 55°3| +3-4 | 36°8 | 89:0 | +2:2 050 | 078 | +28 


December... | 806 | 852 + 46 §2°3| 56°9| +3°6 | 37-1 | 89-1] +2°0 054 | 0&0 | +26 
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Mean values of the magnetic elements at observatories in 1927. 


| Latitude and 


Observatory. | Longitude Dip. Declination. H. F. | V.F. 


Dehra Din _... 45 4°2 [E. 47-1] °&2945 *33025 


Toungoo ‘a 7 23 7:0 |W. 26:8} °389132 - 16704 


Rodaanal’. «. a EN se 37832 -03071 


cc 
10 18 s0N. ™ 
77 27 468. 


( La 
dine i Long. 


K = Kodaikansl 


D = Dehra Dan 


Classification and dates of Magnetic disturbances in 1921. 


45 N, 
3 KE, 


18 55 
e. 96 27 


Lat 
vee ¢@ Lon 


T = Toungoo 
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THE COMPUTING OFFICE. 


By Masor C. M. Tuompson, I. A. 
Computing Section. 


PERSONNEL. 
Class I Officers. 


Dr, J. de Graaff Hunter, M. A., Sc. D, F. Inst. P., 
in charge till 29th March 1922, 
Captain FE. A. Glennie, D. 8. 0., R. E., in charge 
from 30th March to 9th May 1922. 
Major C. M. Thompson, I. A., in charge from 10th 
May 1922. 
Computing Office. 
Head Computer. 


Rai Sahib Ishan Chandra eva, B. A., till 30th 
Jane 1922. when ho retired. 

Babu Mukundananida Acharya from Ist July 1922. 

19 Senior and 4 Junior Computers. 

In addition 13 Computers from parties worked 
during a port'on of the year. 


Tsostasy.—The only contribution on this sub- 
ject to be recorded in this report was the publication 
of Survey of India Professional Paper No. 18 by 
Lt.-Col. H. McC. Cowie, R. E., entitled ‘‘ A eriti- 
cism of Mr. R. D. Oldham’s Memoir—‘ The Struc- 
ture of the Himalayas and of the Gangetic Plain, 


9 


as elucidated by Geodetic Observations in India’. 


Computations.—The following computations 
were carried ont during the year :— 


(a) Data were compiled for the prediction 
of tides for 1923 by means of the tidal machine 
for 40 ports. In addition, the actual preparation 
of the tide-tables for 9 riverain ports, included in 
the above, was undertaken in this office. The 


work of computer Manmatha Nath Chattarji is specially worthy of mention, in connection 
with the tide-prediction for the riverain ports. 


(4) 


The reduction of the observations for latitude at 4 stations in Kashmir by 


Bt.- Major K. Mason, M.C., R. E., is in hand. 

(c) ‘The astronomical latitules observe by Major H.'T. Morshead, D.S.O., R. E., at 
7 hh ae ° : A . . ° . . 
Chakurganj and Dumdangi were checked and computed with a view to an investigation into 


the gravitational effects at these stations. 


(d) The triangulation executed by Bt.- Major E. O. Wheeler, M. C.,R. E., during 


the Everest expedition was reduced. 


(7) Corrections to latitude, longitude, azimuth and logsides derived from the adjust- 
ment of the pendent portion of the Burma Coast Series were computed. 

(f) For purposes of investigation the topographical effects for 59 pendulum stations, 
of which the Hayford corrections have been published in Professional Paper 15, pages 176-178, 
have been separated from the compensation effects. 

(7) Seven tables, in addition to the 23 mentioned in Records Volume XVI were 
computed to complete Auxiliary Tables Part III (5th Edition). 


Adjustments.— 


(4) 


The adjustment of the minor triangulation falling in degree sheets 39 A and 39 E, 


N. W. Frontier, was taken in hand, in accordance with the new method devised by Dr. Hunter. 
(4) The minor triangulation connecting the Madras Longitudinal Series with the 
Caddapth Series was adjusted in compliance with a request from the Superintendent, South- 


ern Circle. 


(c) Curves were prepared for the graphical adjustment of triangulation falling in 
sheets 92 C, D, and G, and furnished to the Superintendent, Eastern Circle. 


Misce!/laneous.— 


(a) <A report was compiled for submission at the first General Conference (Geodetic) 


held at Rome in April 1922. 


(6) Rectangular Co-ordinates were computed from the spherical co-ordinates for the 
traverse stations in Gorakhpur Cantonment. 


(c) Latitude, longitude and azimuth were computed for a number of stations in 
order to complete the records of Captain Deasy’s exploration work of 1896 and 1897-98. 

(¢) Further computations in continuation of those noted in Records Volume XVI 
were carried out with a view to investigating the formule for barometric heights. 

(¢) The times of sunset 1nd sunrise for latitudes varying between 8° and 32? were 
computed in compliance with an extra departmental requisition. 

(7) Data were computed for the preparation of a slide rule by the Mathematical 


Instrument Office, Caleutta. 


(yg) The Theoretical Value of gravity (y) for Fyzabad was computed. 

Triangulatcon Pamphlets.—60 pamphlets were printed and 50 issued during the year. 
Pamphlets for 75 sheets were compiled and those for 58 sheets were compared. Compilation 
ig in progress with a view to publishing the results of the Mesopotamian triangulation in 
supplementary pamphlets. 
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Levelling.— 

(a) A first edition of levelling pamphlet 62 has been published. 

(5) <A large number of supplementary slips containing the additional work of season 
1920-2] have been printed for incorporation in the existing pamphlets 34, 35, 39, 40, 45, 47, 
53, 54 and 72. 

(c) A reprint of levelling pamphlet 63 having been called for, on account of important 
revisions as Well as additional new work in that sheet, a corrected 2nd edition has been pre- 
pared and is at press. 

(d) The pamphlet of Levelling of Precision in Mesopotamia is under reprint. 

Revtston.— 

(a) Part ILL of the Auxiliary Tables, 5th edition 1922 (revised and extended), has 
been completed and a small edition printed. A number of tables have also been prepared for 
Part IV (Geodetic) of the same. 

(6) Chapter III (1914) of the Hand-book of Topography, the revision of which 
has been held over owing to many important changes, is now almost completed, and the 
draft nearly ready for the press. There may be further delay in the publication of this 
chapter owing to pressure of work in the printing office. 

(c) The remodelling of professional forms is in steady progress. 11 Teopo., 3 Lat. 
and 4 Lat. have been revised in addition to 19 forms noted in last year’s report. A new 
resection form 26 Topo. is at press. 

Regnisitions.—279 requisitions for data were received from departmental and non- 
departmental officials. In some cases these requisitions were met by the supply of printed 
publications, in others it was necessary to extract the required information from manuscript 
records. 

Printing Section, 
The following were printed in the course of 
the year :— 


Vol. XV (1919-20) of the Records of the 
Survey of India; Memoir on the Maps of Chinese 


PERSONNEL. 
Upper Subordinate Service. 


Mr. Surat Kumar Mukerji. 


1 Assistant Supervisor. Turkistan and Kansu (Sir A. Stein, K.C.I.E.), 
on to be published as a Records Vol.; Explorations 
29 Compositors. in the Eastern Karakoram and the Upper Yarkand 
; eae Valley (Lt.-Col. H. Wood, R.E.), to be publish- 
1 Stereotyper. te ed as a Miscellaneous Paper; Tide Tables for 
Giktaea ee Indian Ports 1923; 60 Triangulation Pamphlets ; 
; : aa meg Levelling Pamphlet No. 62, and addenda or 


slips to Pamphlets Nos. 34, 35, 39, 40, 45, 47, 
53, 54 and 72; Auxiliary Tables Part III; Appendix to Levelling of Precision; The Auto- 
Stereo Plotter, a translation from the French of Paul Corbin (Lt.-Col. H. McC. Cowie, R.E.), 
to be published as a Departmental Paper (incomplete) ; Note on the stage reached by the 
Geodetic Operations of the Survey of India in 1920 (Lt.-Col. H. McC. Cowie, R.E.). 

A beginning has also been made on the Records Vol. (1920-21), ‘fopo. Hand-book, 
Chapter II (revised), Author’s Catalogue of Books of Trig. Survey Office Library. 

In addition to the above many thousands of copies of Professional and other forms 
together with much miscellaneous work have been printed. 

In the Book-binding Section the work dealt with comprises 300 copies of Survey 
Records Vol. XV; Tide Tables, Indian Ports 1923, Part I, 850 copies: Part II 220 copies 
{out of 980 copies) ; Tidal Pamphlets 1923, 1,450 copies (out of 2,950 copies); 3,700 
Triangulation Pamphlets ; 400 Levelling Pamphlets; 200 Auxiliary Tables, Part III; 650 
copies of miscellaneous publications and Library books. 

Workshop. 


The workshop was principally occupied du- 


PBRSONNBL. ring the year on the following :— 
Class II Officer. (i) Repairs to the Tide-Predicting Machine 
ecG tb Manwad Praca: and other Scientific instruments of the depart- 
ment. Repairs to wood work of the office build- 
2c ee ead Cute | ings in general and furnitures of the Trigonome- 


trical offices and Purties. 

(ii) Erection of racks and almirahs in the Computing and Photo-Zinco offices, and 
of galvanised iron tanks for water supply to the Photo-Zinco office, construction of packing 
cases and overhauling of apparatus for photo work for the Mount Everest Expedition, and 
also other miscellaneous work for the different sections of the Trigonometrical Survey. 
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Observatories. 


Sersmography and Meteorology.—The Omori Seismograph was in operation through- 
out the year and the usual daily meteorological observations were made. The Photo-helio 
observatory continued its work as in past years. The following statements show the earth- 
quakes recorded and the number of days on which solar photographs were taken. 


1. Statement of earthquakes recorded during the year 1921-22, 


Time of beginning 


Distance of Epicentre. 
(corrected) 
REMARKS. 


No. Month and Date. Duration. 


Dehra. ps Wee ) Den: (from WR") 

hrs mts | hrs mts miles miles 
1 15-10-21 22 16 22 19 500 500 Medium. 
2 8-11-21] 21 39 43 3,185 2,500 Moderate. 
3 11-11-21 6 50 50 280 200 Slight. 
4, 12-11-21 0 14 ae 2,100 ae Great. 
5 16-11-21 2 09 09 200 250 _ 
6 17- 1-22 9 40 4.0 4,970 5,000 Moderate. 
7 ]- 2-22 19 12 13 6,300 5,000 - 
8 30- 7-22 1 574 70 es Slight. 
9 13- 8-22 5 47 3,000 3,000 Moderate. 
10 17- 8-22 5 55 280 ae 
11 26- 8-22 1 05 1,600 1,500 | 
12 2- 9-22 O 54 3,000 3,000 Great. 
13 15- 9-22 1 ll 3,430 3,000 Moderate. 


* W. R. means Daily Weather Report published at Simla, 


2. 


Statement showing the number of days on which solar photographs 


were taken during the year 1921-22. 


Intensity &c. 


= 8” Negatives.|12” Negatives. 8” Negatives.| 12” Negatives. aoe ae 
Month. —_————$—<—$<$<$— | —_——_————_| which 

Good. | Bad. aoa, Bad. | invisible, 
October ... | 80] 56 6 2s aie 1 April .. | 28] 43 6 aa ae 2 
November ... | 28 49 6 das bay 2 May ee 28 49 6 7 ae 3 
December ... | 24] 38 Bit. sé a 7 | June 23 | 37 5 7 
January ...| 22 | 36 6 9 | July 16 | 21 3 15 
February ...{ 19 | 33 5 9 August... 10 | 15 2 as ia 21 
March we | 26 | 46 6 6 | September... | 21 | 40 4 9 
Total ...| 275| 463] 60| ...| ...| 90 


pigiized by Google 
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PART TII—SPECIAL REPORTS. 


TRAVERSE SURVEY OF ALLAHABAD CITY. 
By D.C. Puri. 


The traversing of the remaining municipal areas of the city of Allahabad, commenced 
in 1920-21, was continued on the lst December 1921 and completed in February 1922. 

A preliminary reconnaissance was carried out by Mr. Puri and by the two traversers. 
Lieut.-Colonel S.W.S. Hamilton, D.S.O., R.E., inspected the area on the Ist December and 
discussed the work with the Chief Engineer. 

The whole of the area north of Canning Road and the Fort Cantonment was first 
surrounded by a main traverse, commencing from Fort Cantonment boundary pillar No. 38 
and closing on traverse station No. 330 of last year’s work. This main circuit takes in the 
whole of the area except a small portion west of Stanley Road, which was surrounded by an 
exterior block. 

The main circuit was then cut up into 4 blocks Nos. 5, 6, 7 and 8; 5 and 6 being the 
areas Daraganj and Katra Colonelganj respectively, to be surveyed on the sixty-four-inch 
scale, while Nos. 7 and 8 are for survey on the sixteen-inch scale. 

In blocks Nos. 5 and 6, sub-traverses were run along nearly every street and road in 
the area, while in the case of blocks Nos. 7 and 8 enough sub-traverses were run to provide 
the detail surveyors with ample data on which to base their work. 

On the completion of this area the Chief Engineer asked for some additional sub- 
traverses in the area done last year, where the plane-tablers were finding difficulty with the 
points. Consequently, about 20 small lines were run, with total of 156 stations and 4-05 
linear miles of chaining. 

The Chairman of the Improvement Trust had also asked for a traverse in the Naini 
area south of the river and a small area south-west of the city. This too was taken in hand 
as it was thought desirable to finish all possible traverse work in Allahabad now and so 
avoid the expense of further visits in the near future. For this purpose a main circuit was 
run, round this area, from a point of last year’s traverse, west of Raprajpur, on the railway 
line, and south-west of the New Cantonment, to a point near the Jumna bridge, where it 
was connected by a triangle with the traverse on the other bank of the Jumna river, done 
last year. After this 5 sub-traverses were run through this area. 

For method, measurements, ete., the same precautions were taken as in 1920-21 and 
the same traversers were employed. 

This year no off-sets were taken, as it was found that those taken last year were not 
made use of in any way by the detail surveyors employed by the Trust and their measure- 
ment was therefore a waste of time. 

The computations were carried out part passu with the traverse in the field by 2 
computers. All co-ordinates also were worked out so that no further work was left to be 
done in recess. 

21 plot charts for Katra and Colonelganj for the sixty-four-inch survey were urgently 
asked for by the Chief Engineer while in the field. All these were therefore completed by 
Mr. D.C. Puri while at Allahabad in February 1922. These were again checked by the 
computers and handed over to the Chief Engineer. The remaining plot charts, viz., 9 for 
the sixty-four-inch survey and 44 for the sixteen-inch survey, have been completed in 
Mussoorie during the recess season and together with the computations have been despatched 
to the Chief Engineer. 

The total number of linear miles chaining done this year for area to be surveyed on 
the sixty-four-inch scale was 31:30, while the number of stations at which the theodolite 
was set up was 623. Also 4:05 linear miles and 156 stations were done in last year’s work, 
while the number of stations and linear miles for the sixteen-inch was 514 stations and 
78:34 linear miles, making a total of 113°69 linear miles and 1,293 stations of observation. 
The average angular error is 2 seconds per angle and the linear error per 1,000 feet is 0-18. 
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SETTLEMENT OF THE BOUNDARY BETWEEN MYSORE STATE AND THE 
SOUTH KANARA DISTRICT OF THE MADRAS PRESIDENCY. 


By V. W. Morton. 

The settlement and demarcation of the boundary line was continued from the last 

season’s work and the following officers were deputed on the 1st December 1921.— 
Mr. T. Hanumantha Rao, representing the Mysore Durbar. 
» K. Raman Nayar, Ws » Madras Government. 
», J.O’B. Donaghey, Survey of India officer. 

Scope of work.—The Survey officer was responsible for determining the position of 
the boundary line as previously fixed and described by boundary commissioners in 1880-8) 
and 1904-06. 

Field work comp/eted.—Field work was commenced at Gundia on the 5th January 
1922. Owing to the serious illness of Mr. Donaghey, he was replaced by Mr. V. W. Morton, 
as Survey of India officer on the 13th February 1922. 

About 61 miles (measured on the map) of boundary were finally settled during the 
season, making a total length of 85 miles settled up to date. The rains which set in on 
the 18th April eventually made conditions impossible for coolies in forest camps, so that 
field work had to be closed on the 23rd April, leaving about 115 miles of boundary still to 
be completed. The demarcation work was carried out by the erection of cairns serially 
numbered on stones placed on the top of the cairns or on rocks “in situ.” The line was 
cleared where it passed through forest areas. 

The survey establishment consisted of one surveyor, one forester, one clerk and 
19 menials. 

Records.—A survey record of the boundary was prepared on the sheets of the Madras 
forest survey on the scale of 4 inches=1 mile and a descriptive memorandum of the line 
was kept up. The records of the detachment are lodged in the Southern Circle Office. 

Future programme.—lIt has been decided that the work wilf not be continued during 
season 1922-23, owing to financial reasons, but will in all probability be resumed in the 
1923-24 season. 


NOTES ON THE REVISION SURVEY IN THE NEIGHBOURHOOD OF POONA. 
By Lievut.-Cotonet M. O’ C. Tanpy, D. S. O., O. B. E., R. E. 


1. The area surveyed varied considerably, on the west it included portions of the 
Western Ghats and the fairly high spurs extending eastwards from them, while on the east 
it included considerable areas of undulating land. 

2. The main details on the oid 1-inch maps, dating from about 1880, were found on 
the whole quite accurate: these details consisted of the rivers and streams, the main village 
blocks and the main roads and railways. 

8. The chief work of revision consisted in substituting 50 feet contours for the form 
lines of the old maps; the general shapes of the hills and the crest lines of spurs were accu- 
rately indicated by the old form lines, but they were, especially in the case of minor features, 
very much exaggerated ; sometimes small features shown by 2 or even more form lines in the 
old maps proved to be too insignificant to be shown at all by our 50 feet contours. In the 
flat-topped hills, which form such a common and striking feature in parts of the area surveyed, 
the top form line of the old maps could generally be accepted as the accurate limit of the 
hill-top. | 

4. The chief deficiencies of the old maps, in addition to the absence of contours, were.— 

(a) They showed no cultivation limits. 

(J) Embankments, cuttings, burial grounds and telegraph lines were omitted. 

(c) Numerous hamlets and isolated huts, mile-stones and temples, and in some sheets 
wells, were omitted. 

(¢) Many forest reserve boundaries were omitted. 

(ce) The classification of all roads had to be revised. 

(7) Ina few cases considerable discrepancies were found in the position of main 
metalled roads. 

(7) Minor communications had altered very considerably, a very large proportion 
of the cart tracks and paths shown on the old maps had been abandoned and new ones had 


taken their places. 
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(4) Ornamentation was defective, some maps showed practically no trees and in the 
sheets where trees were shown no distinction was made between different classes of trees. 

(t) Poona and Kirkee were very sketchily shown and have now been shown in much 
greater detail. 

(7) The main line of the M.and S. M. Railway was very much out of position 
throughout 2 sheets. 

(4) The Nira left bank canal in 2 sheets was very inaccurate. 

(7) Important details which have developed since the time of the last survey and 
which had to be surveyed were :—the Nira Right bank canal in 2 sheets; the 2 construction 
railway lines to the sites of Mulshi dam and the Kundli valley in 3 sheets; the new Andhra 
lake in 1 sheet and the changes in the Bhatgar dam in 1 sheet. 

Items (7) and (4) had evidently been added to the old maps from extra departmental 
sources, there was a foot-note on the old map saying ‘“ Railways and roads constructed since 
the date of survey have been added from extra departmental sources” but nothing was said 
about the canal. A foot-note of this sort is of no use to any one using the map as it is 
impossible to know the date at which roads and railways were constructed, and such a foot- 
note can only be a warning to the effect that any of the roads and railways on the map be 
found incorrect. 


5. The number of omissions on the old maps and the large number of corrections and 
additions which had to be made and the fixings required for the contouring made it necessary 
for the surveyors to go over the ground almost as carefully as if original survey was being 
done. The average number of fixings per square mile was 7:2, the average in the hilly por- 
tions being of course much smaller than in the plains. 


6. When all the detail on a map is complete and accurate and the map is contoured 
@ revision survey might be carried out by an almost cursory examination of the map in the 
field to see where changes in the detail had occurred, and when a change or addition had to be 
made it might be sufficient to fix the new details by measurement or by fixings based on the 
old detail; but this is not the case when new contouring has to be done and when lots of new 
items of detail have to be shown and when the only reliable detail consists of the streams and 
the main village blocks (as well as main metalled roads and railways where they exist); in 
revision survey of this nature the surveyor is only saved the time and trouble of making such 
fixings as the original surveyor would have made so/e/y to fix the streams and main detail and 
he still has to make all the fixings which an original surveyor would have had to make to do 
the contouring and to fix minor details. In very hilly areas the conditions are rather differ- 
ent, here there is little new detail of the kinds mentioned as deficient in the old maps, 
mountain tracks seldom change, cultivation only exists in the big valleys, new hamlets and 
huts ete. are not found in large numbers ; with the streams and main villages correctly shown 
the revising surveyor has in the hills httle else to do but the contouring and making checks 
to satisfy himself that the old streams are correctly shown ; but in the hills a surveyor’s camp 
is much further from his work than is the case in the plains, and a much larger proportion of 
the surveyor’s time 1s spent in getting to his work and climbing between his fixings, and as 
the ground has to be completely covered to do the contouring the actual saving in time of 
revision as compared to original survey is not very great. 


7. In reporting on the result of our first season of revision survey I have been 
asked to discuss the advisability or otherwise of using low grade surveyors for such work. 
In considering this question it must be remembered that the Rs. 50 or 60 representing the 
difference of pay between a superior and an inferior surveyor represents such a small pro- 
portion of the total costs of a surveyor’s squad that it must a/ways be more economical to 
employ a good surveyor for any survey in which the extra skill of the good surveyor results 
in a considerable increase in the outturn of work, and generally we may say that the easier 
the nature of a survey may be the less advantage will there be in employing highly skilled 
surveyors. This is shown in the simplest form of cadastral surveying where very large scale 
maps in the plains are based on accurate chaining and detail measurements, and where an 
inferior surveyor can do the work as accurately and nearly as quickly asa good one, and 
where in fact there is no scope for the skill of the superior surveyor. 

8. In applying this argument to the revision now under discussion a distinction 
must be made between the revision in the plains and in the hills. 

In the plains the survey is easy but the ground has to be fairly rigorously covered 
with fixings in order to do the contouring and to fix the new items on the maps, the work 
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is laborious rather than highly skilled and the proportionate gain in using superior surveyors 
will not be very great. In revising in the hills it is different, here the skilled surveyor 
assures himself more quickly that the old streams are correct (or if incorrect more quickly 
corrects them) and his extra skill enables him to do good contouring by making fewer fix- 
ings and using more intersected points than if he were doing an original survey, he should 
thus do a considerably larger outturn of revision than of original survey, while an inferior 
surveyor would probably require just as many fixings and take almost as long to do revision 
as to do original survey. 

9. In the department we must always have and use a proportion of inferior surveyors 
and I think the general principle will always hold good that the easier a survey is the less 
advantage will there be in using only the best surveyors for it. 

10. For the above reasons I think it will be found economical for revision in the very 
simple plains areas to use inferior surveyors, provided that work more suited to the skill of 
superior surveyors can be found for them elsewhere; the outturn of the party working under 
these conditions would be small but would be more than balanced departmentally by the 
better use made elsewhere of the superior surveyors. For revision in the hilly areas I feel 
sure that it would be economical to employ only superior surveyors, provided more simple 
work can be found elsewhere for the inferior surveyors, and except in so far as the training 
in contouring provided by such revision work is required as a means of training and improv- 
ing the inferior surveyors. 
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THE TOPOGRAPHICAL RESULTS OF SIR H. H. HAYDEN’S 
EXPEDITION TO TIBET IN 1922. 
CoMPILED FROM THE VERBAL NARRATIVE OF Surveyor Guysar SINGH 
BY Mayor H. T. Morsueap. 


[Authority for spelling of place-names—Sir H. H. Hayden. The conventions employed in 
transliteration do not in some cases agree with those generally accepted by the Survey of India]. 


During the summer of 1922, Sir H. H. Hayden, Kt., C.S.1., C.LE., F.R.8., late of 

the Geological Survey of India, made a tour at the request of the 

Introduction, Tibetan Government, of certain mineral bearing areas in central and 
south-eastern Tibet, in order to report on their resources. . 

In addition to Sir H. H. Hayden and his Italian guide M. Cesar Cosson, it was 
arranged, with the full concurrence of the Tibetan authorities, that the party should include. 
an Indian Surveyor; Ist Class Surveyor Gujjar Singh being selected for the purpose by the. 
Surveyor General. | 

The districts visited had for the most part seldom been previously traversed by 
Europeans, and our knowledge of the “ Chang Thang” portion of Tibet in the neighbourhood 
of the great lakes of Tang-ra, Kya-ring, and Nam (Tengri Nor) has been derived from some 
half a dozen explorers of a generation ago, notably pandits Kishen Singh and Nain Singh of 
the Survey of India. It may therefore be of interest to place on record a short summary of 
the topographical exploration of this little-known area, as related by Surveyor Gujjar Singh. 
on his return. 

From Darjeeling Sir H. H. Hayden’s party proceeded to Gangtok in Sikkim, where 

they were met on April 3rd by an English-speaking Tibetan official 
Narrative. who had been deputed by the Tibetan Government to attend them 
throughout their journey. This official, K. K. Mondrong, had been 
one of a few Tibetan youths who had been sent ten years previously to Rugby to receive an 
English public school education, and had subsequently specialised in mining. | 

From Gangtok the party marched direct to Lhasa, where they halted from 25th April 
till 9th May while instructions were being received regarding the areas to be visited. 

Leaving Lhasa on 9th _.May, the party first marched north-westwards to Shen-tsa 
Dzong, the headquarters of the district of Nak-tsang. The distance of 180 miles was 
traversed in 14 days, and planetabling on the 32-inch scale was kept up throughout the march. 
The Nyen-chen-thang-la range of mountains was crossed vid the Go-ring pass (19,470 ft.) 
on 16th May, and for the next 40 miles peaks on this range triangulated by Major Ryder in 
1904 continued to provide sufficient points for planetable interpolations. For the last 60 miles 
before reaching Shen-tsa the surveyor was compelled to make his own points by ‘graphic triangu- 
lation” as he advanced. A check latitude was observed by Sir H. H. Hayden, at Lho-lam. 

Advantage was taken of a 6 days’ halt at Shen-tsa to measure a short base and to 
take a set of astronomical observations for latitude and azimuth. The latter observations 
were taken by Sir H. H. Hayden with a 44-inch theodolite; a small piece of triangulation 
was also carried out to serve as a basis for further planetabling. A spell of broken weather 
interfered with the work at this period. 

Ten days’ marching in a westerly direction brought the party to their next objective, 
the village of Wom-po on the northern shore of the Tang-ra lake (the Dangra Yum lake 
of Nain Singh). After two days at Wom-po, the party returned to Shen-tsa, retracing their 
previous outward route as far as Ge-mar, and thence diverging slightly northwards to the 
south-western shore of the Kya-ring lake. ‘Asa check to the plane-tabler, Sir H. H. Hayden 
took star observations for latitude on four nights between Shen-tsa and Wom-po. Leaving Shen- 
tsa once again on 18th June, a short trip was next made‘along the north-eastern shore of the Kya- 
ring lake to Chu-sum-diand Kya-tsog respectively. Shen-tsa was again reached on 25th June. 

Finally quitting Shen-tsa two days later, the party proceeded in a north-easterly 
direction to the district of Namru. The hills here flatten out considerably, and the level 
country on the eastern shore of the T'sozi-ling was found to be very marshy and treacherous. 
From this point the party temporarily diverged, Sir H. H. Hayden proceeding to Lum-po on 
the southern bank of the Tsa-khye Tsangpo river, while Gujjar Singh worked eastwards, even- 
tually rejoining Sir H. H. Hayden on 7th July at Zi-ri-mar. The weather at this time was 
good and planetabling was carried on without difficulty ; the surveyor, as usual, making his 
own points as the work progressed. Check-observations for latitude were made by Sir H. H. 
Hayden on 8th, 9th and 13th of the month. 
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From Zi-ri-mar the party turned southwards towards Lhasa. At Thak, near the eastern 
margin of the Nam lake (Tengri Nor), the triangulated peaks of the Nyen-chen-thang-la 
range once more came into view, and an accurate planetable fixing was obtained for the first 
time since 19th May, disclosing an accumulated easterly error of some 4°3 miles in the course 
of nearly two months’ work. The Nven-chen-thang-la range was crossed via the Lar-gen pass 
(the Dam Niargen La of A. K. 16,700 ft. approximately) on 15th July, and from this point 
the weather became so bad that the surveyor was unable to expose his planetable until Lhasa 
was reached five days later. A rough route traverse by watch and prismatic compass was 
maintained until reaching the margin of Major Ryder’s survey of 1904 at the Chak pass, two 
marches north of Lhasa. This traverse was subsequently adjusted and transferred to the 
planetable section. 

The party halted in Lhasa from 20th July to 7th August, while Sir H. H. Hayden 
reported the results of his investigations. Gujjar Singh spent the time in making a large 
outline tracing of his surveys for the use of the Tibetan Government. This tracing was 
highly appreciated by the Tibetan Government, and was finally deposited in the new private 
house of-the Dalai Lama which lies some two miles west of the Potala in the suburb of 
Norpu Lingka. The Tsarung Shape*, after inspecting the map and complimenting Gujjar 
Singh on his work, remarked that the Tibetan Government would be very glad to borrow the 
services of a surveyor from the Government of India, as the Tibetan Surveyor whom they 
had had trained at Roorkee College had been transferred to duty in the newly opened telegraph 
office in Lhasa. 

The party were next asked to visit the district of Thak Po. Quitting Lhasa on 
8th August, they crossed by skin boats to the south bank of the Kyi chu, which valley they 
ascended for three marches to the confluence of the Metu-ma-chu—thence turning southwards 
over the Te-khar pass (17,050 ft.) to the Tsangpo valley. Crossing the latter river by 
boats at Sang-ri Dzong, the party ascended the Ri-go-sho valley from its confluence at 
Rong Dzong. The Pho-trang pass, at the head of the Ri-go-sho valley, forms the western 
boundary of the district of Thak Po whose head-quarters are situated at Lhap-so Dzong. 
This was reached on 2!st August. Subsequently the party again joined the Tsangpo valley 
four miles below Lhap-so, marching 27 miles down the right bank of the river to the junction 
of asmall stream flowing from the south. Eight miles up this side stream is situated the 
village and dzong of Ku-ru-nam, the seat of a considerable hand-made paper industry 
which supplies most of the requirements of Lhasa and Southern Tibet. Pulp is manufac- 
tured from the scrub which grows plentifully in the lower valleys of south-eastern Tibet, 
Peach and apple trees are common in the lower Tsangpo valley, and the crops of barley, 
mustard and dwarf pea were being harvested at the end of August. 

Turning westwards on 28th August, five davs’ marching over bleak and almost un- 
inhabited country brought the party vid the Ya-t6-tra pass into the head of the wide and 
fertile Ya-lung valley which descends to Tse-thang on the Tsangpo, whence Lhasa was 
reached in four days vid Sam-ye Monastery and the Gong pass. During the visit to Thak Po, 
the weather had been so bad as to preclude any attempt at planetabling from fixed points. 
The whole of this portion of the map consists therefore of route-traverse executed by watch 
and compass, and checked by Sir H. H. Hayden’s latitude observations in four places. 

On arrival in Lhasa, the final reports and maps were completed and presented to the 
Dalai Lama, who distributed rolls of woollen cloth and pieces of silk among the party in 
token of his appreciation of the services they had rendered. 

The party finally quitted Lhasa on 20th September, travelling by boat down the Kyi 
ehu to Chushul on the Tsangpo. Three days later the purty broke up; the Tibetan official 
returned to his home in Lhasa, while Gujjar Singh and his personal khalasi travelling ahead 
of Sir H. H. Hayden reached Gangtok on 7th October, and Darjeeling 7 days later. 

Every possible assistance was rendered by the Tibetans to the party throughout their 
journeys in the country; free transport being provided, tents pitched wherever necessary ; 
and supplies of flour, rice, sugar, and groceries sent out from Lhasa. 

Altogether 36,000 square miles of country were mapped on the j-inch scale, out of 

é ¢ results, Which an area of 2,000 square miles in the neighbourhood of Lhasa 
ummary of results. 
Previous explorationsin had been previously surveyed under Major Ryder during the Lhasa 
waernre®: Mission in 1904, while a tract of similar area south of the Tsangpo in 
the districts of Tsetang and Thak Po had been mapped on the }-inch scale by Captains 
Bailey and Morshead in 1913. The remainder of the country was only known from the 
routes of sundry explorers, whose work can be but briefly referred to here. 


® Tibetan Commander-in-Chief. 
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Early in 1872, explorer Kishen Singh (“ Pandit A—k”) travelling from Shigatse 
first discovered the Nam tso or Tengri Nor lake, of which he made a circuit in 15 days. 
The explorer had intended to make his way north-eastwards to the city of Sining in China, 
but had the misfortune on leaving the lake to fall among armed robbers who looted all his 
possessions, leaving him no alternative but to return direct to Lhasa and India. 

Two years later, explorer Nain Singh, in the course of his great Tibetan journey, 
reached Wom-po from Ladakh and discovered the lakes of Dangra and Kya-ring, both of 
which are indicated on his map with remarkable accuracy. From Shen-tsa he continued 
around the northern shore of Tengri Nor, thence to Lhasa and eventually to Odalguri in 
Assam vid Tsetang and Tawang. 

The first Europeans to visit the Nam lake were Mm. G. Bonvalot and Prince Henri 
of Orleans who in February 1890 succeeded in reaching the Dam Chu some 65 miles north 
of Lhasa before being turned back by the Tibetan authorities. Three years later, two 
countrymen of theirs, Mm. Dutreuil de Rhins and Grenard, endeavouring to reach Lhasa 
from the north-east were detained fifty days at Zamna on the eastern edge of the Nam _ lake 
before being finally permitted to quit the country vid the Chinese frontier where Dutreuil de 
Rhins was murdered. Meantime, Namru had been reached by W. W. Rockhill from the 
north-east in July 1891, while in September of the same year Captain H. Bower and Sur- 
veyor Atma Ram succeeded in penetrating as far as Kya-ring lake. 

The Go-ring La was reached by Mr. and Mrs. St. G. R. Littledale in 1895. ‘Finally, 
Sven Hedin in 1901, travelling from the north, crossed the Tsa-khye Tsangpo and reached a 
point one day’s journey north of Tengri Nor before being, like his predecessors, turned back. 


Postscrkirr.—Sir H. H. Hayden and his guide Cosson were killed in a mountaineering acciaent while climbing 
together in Switzerland in August 1923. 
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A—HISTORY AND GENERAL REPORTS. 


(Obtainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 
MEMOIRS. | 
| 1. A Memoir on the Indian Surveys. By C.R. Markham, India Office, London, 1871. 
Price Rs. 5 or 10+. | 
| 2. Ditto (second edition). By C.R. Markham, C.B., F.R.S., 
India Office, London, 1878. Price Rs. 6-8 or 11'. 
3. Abstractof the Reports of the Surveys and of other 
Geographical Operations in India, 1869-78. By C. R. 
Markham and C. E. D. Black, India Office, London. 
Published annually between 1871 and 1879. (Out 
of print). 
4, A Memoir on the Indian Surveys, 1875-1890. By C.E.D. Black, 
India Office, London, 1891. Price Rs. 5-8 or 11°, 
ANNUAL REPORTS. 
Reports of the Revenue Branch. 1851-1877.—(1851-67 and 1869-70, out of print). 
Price Rs. 3 or 6. 
Ditto Topographical Branch 1860-1877.—(Out of print). 
Ditto Trigonometrical Branch. 1861-1878.—(1861-71, out of print). 
| Price Rs. 2 or 4°, 
In 1878 the three branches were amalgamated, and from that date onwards annual reports 
in single volumes for the whole department, are available as follows :— 


farons 1877-1900 (1877-79, 1887-88, 1895-96 and 1897-98, out of print) 
General Reports at Rs. 3 or 6° per volume. 
(from 1900-1922 (1902-04 and 1906-08, out of print) at Rs. 2or 4° per 


volume. 

From 1900 onwards the Report has been issued annually in the form of a condensed 
statement known as the “General Report’’ supplemented by fuller reports, which were 
called “Extracts from Narrative Reports” up to 1909, and since then have been styled 
“Records of the Survey of India.” ‘These fuller reports are available as follows :— 

(2) “Extracts” Volumes at Rs. 1-8 or 3° per volume. 

1900-01—Recent Improvements in Photo-Zincography. G. T. Triangulation in Upper 
Burma. Latitude Operations. Experimental Base Measurement with Jaderin Apparatus. 
Magnetic Survey. Tidal and Levelling. Topography in Upper Burma. Calcutta, 1903. 
(Out of print). 

1901-02—G. T. Triangulation in Upper Burma. Latitude Operations. Magnetic Survey. 
Tidal and Levelling. Topography in Upper Burma. Topography in Sind. Topography in the 
Punjab. Calcutta, 1904. (Out of print.) 

1902-03—Principal Triangulation in Upper Burma. Topography in Upper Burma. 
Topography in Shan States. Survey of Sambhar Lake. Latitude Operations, Tidal and Levelling. 
Magnetic Survey. Introduction of the Contract System of Payment in Traverse Survevs. 
Traversing with the Subtense Bar. Compilation and Reproduction of Thana Maps. Calcutta, 
1905. 

1903-04—Masnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuths. 
Utilization of old Traverse Data for Modern Surveys in the United Provinces. Identification 
of Snow Peaks in Nepal. Topographical Surveys in Sind. Notes on town and Municipal Surveys. 
Notes on Riverain Surveys in the Punjab. Calcutta, 1906. 

1904-05—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangula- 
tion in Baluchistan. Survey Operations with the Somaliland Field Force. Calcutta, 1907. 

1905-O6—Magnetie Survey. Pendulum Operations. Tidal and Levelling. Topo- 
graphy in Shan States. Calcutta, 1908. 

1906-07— Magnetic Survey. Pendulum Operations. ‘Tidal and Levelling. Triangu- 
lation in Baluchistan. Astronomical Latitudes. Topography in Shan States. Calcutta, 1909. 

1907-O8—Magnetic Survey. Tidal and Levelling. Astronomical Latitudes. Pendulum 
Operations. Topography in Shan States. Calcutta, 1910. 
1908-09—Magnetic Survey. Tidal and Levelling. Pendulum Operations. Triangula- 
tion. Calcutta, 1911. 

(6) “Records of the Survey of India’ at Re. 4 or & per volume, except where 

_ otherwise stated. 
Vol. I—1909-10—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 
detic Survey (Astronomical latitudes and pendulum observations). 
- Magnetic Survey. a err «. Caleutta, 1913. 
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ANNUAL REPORTS—(Continued). Oo | — . 
Vol. II—1910-11—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 


detic Survey. Magnetic Survey, ... Calcutta, 1912. 
ATI—1921-12—Topographical Survey. Triangulation. Tidal ‘and Levelling Operations. Geo- 
detic Survey, Magnetic Survey. . Calcutta, 1913. 
1V—1911-138—Z explorations on the North-East Frontier—North Burma, Mishmi, Abor and 
Miri Surveys et ... Calcutta, 1914. 


V—1912-18—Topographical Survey. Pesngiletion: Tidal and Levelling Operations. Geo- 

'  detic Survey. Magnetic Survey. Note on the relationship of the Him- 

alayas to the Indo-Gangetic Plain. es ... Calcutta, 1914. 

VI—1912-18—Link connecting the Triangulations of India and Russia Dehra Din, 1914. 
VII—1913-14—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 
detic Survey. Magnetic Survey (Annual report and Government 


Committee’s report). Note on Scales and cost rates of Town plans. 
Calcutta, 1915. 


ViIlI— { 1865-79—Part I) Explorations in Tibet and { Dehra Dun, 1915. 
1879-92— Part II neighbouring regions Price of each part Rs. 4 or &. 


IX—1914-15—Topographical Survey. Triangulation. Tidal and Levelling Operations. 
Magnetic Survey. Criterion of strength of Indian Geodetic Trisngu- 
lation. A traverse signal for City Surveys. The plains of Northern 
India and their relationship to the Himalaya Mountains by Colonel 


S.G. Burrard F. R. 8S. Report on Turco-Persian Frontier Commission. 
Calcutta, 1916. 


A—1915-L6—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey. 
Mechanical Integrator for calculating Attractions (illustrated). Tra- 
verse Survey of the boundary of Imperial Delhi ... Dehra Dun, 1917, 
X1I—1916-17—Topographical Survey. Triangulation—use of high trestle for stations and 
100-feet mast signals. Tidal and Levelling Operations. Magnetic 
Survey. Note on Basevi’s Pendulum operations at Moré. Photo- 
Litho Office—New method of preparing Layer plates—Develop- 
ments and Improvements in preparing Tint-plates. Dehra Dun, 1918. 


XII—Notes on Survey of India Maps and the modern development of 
Indian Cartography, by Lt.-Col. W.Hf. Coldstream, B.E., > Gucutta, 1919. 
Superintendent, Map Publication. 9 or 0” 


AIII—1917-18—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey. 
Photo-Litho office—the Powder Process. Problem of the Himalayan and 
Gangetic Trough—Review by Dr. A. Morley Davies. Dehra Dun, 1919, 
XIV—1918-19—Topographical Survey. Tidal and Levelling Operations. Levelling in Mesopo- 
tamia. Magnetic Survey. ee Dehra Dun, 1920. 
XV—1919-20—Topographicat Survey. Tidal work. inavellsie<2proponed new level net. 
Magnetic Survey. The Earth’s Axes and Figure by Dr. J. de Graaff 
Hunter (a paper read at the R. A. S. Geophysical Meeting). Report 
on the expedition to Kamet. Note on the Topography of the Nun 
Kun Massif in Ladakh ... ae ... Dehra Dun, 1921. 
X VI—1920-2]—Topographical Survey. Tidal work. Levelling and Magnetic Survey. High 
Climbs in the Himalaya prior to the Everest Expedition. Mt. Everest 
Survey Detachment Report, 1921. ‘Traverse Survey of Allahabad 
city. Settlement of Boundary between Mysore and South Kanara. 
Dehra Dun, 1922. 
XVII— 1923 — Memoir on Maps of Chinese Turkistan and Kansu from the Surveys made 
during Sir A. Stein’s Explorations, 1900-01, 1906-08, 1913-15. 
Dehra Dun 1923 
X VIII—1921-22—Topographical Survey. Tidal work. Levelling and Magnetic Survey. Tra- 
verse Survey of Allahabad city. Settlement of Boundary between 
Mysore end South Kanara. Notes on Revision Survey in the neigh- 
bourhood of Poona - ... Dehra Dun, 1923. 

“Notes of the Survey of India” are issued iignthiy: Price As. 2 or 34, 


B—GEODETIC WORKS OF REFERENCE. 


(Obtainable from the Superintendent of the Trigonometrical Survey, Dehra Din, U.P.) 
EVEREST’S GREAT ARC BOOK. 


1. An account of the Measurement of an Arc of the Meridian between the parallels of 
‘18° 8’ and 24° 7’, by Oapt. George Everest. East India Company, London, 1830. (Out of print). 

2. An account of the Measurement of two Sections of the Meridional Arc of India, 
bounded by the parallels of. 18° 3’ 15’, 24° 7’ 11° and 29° 80’ 48°, by Lt.-Col. G, Everest, 
F. 2.8. East India Company, London, 1847, (Out of print). 

8. Engravings to illustrate the above, London, 1847. (Out of print). 
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G.T.S. VOLUMES —describing the Operations of the Great Trigonometrical Survey, 


rice Rs. 10-8 or 21 per volume, except where otherwise stated. 
Vol. I—Standards of Measure and Base-Lines, also an Introductory Account of 
the early Operations of the Survey, during the period of 1800-1830. 
Dehra Dun, 1870. (Out of print), 
Appendix No. 1. Description of the method of comparing, and the apparatus employed. 
Appendix No. & Comparisons of the Lengths of 10-feet Standards A and B, and determina- 
tions of the Difference of their Expansione. 
Appendix No. 8. Comparisons between the 10-feet Standards Ip Ig and A, 
Appendix No. 4. Comparisons of the 6-inch Brass Scales of the Compensated Microscopes. 
Appendix No. §. Determination of the Length of the Inch [7.8] on Cary’s 3-foot Brass Scale. 
Appendix No. 6. Comparisons between the 10-feet Standard Bars lg and A for determining 
the Expansion of bar A. 
Finol determination of the Differencesin Length between the 10-feet Stan- 
dards Ip Ig and A. 
Appendix No. 8. On the Thermometers employed with the Standards of Length. 
Appendix No. 9. Determination of the Lengths of the Sub-divisions of the Inch [a.d]. 
Appendix No. 10. Report on the Practical Errors of the Measurement of the Cape Comorin 
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Appendix No. 


Base. 
II—A History and General Description of the Reduction of the 
Principal Triangulation. si Dehra Dun, 1879. (Out of print). 


Investigations applying to the Indian Geodesy. 

The Micrometer Microscope Theodolites. 

On Observations of Terrestrial Refraction at certain stations situated on 
the pluins of the Punjab. 

On the Periodic Errors of Graduated Circles, &c. 

On certain Modifications of Colonel Everest's System of Observing intro- 
duced to meet the specialities of particular instruments. 

On Tidal Observations at Karachi in 1855. 

An alternative Method of obtaining the Formule in Chapters VIII and 
XV employed in the Reduction of Triangulation.—Additional Formulz 
and Demonstrations. 

Appendix No, 8. On the J)ispersion of Circuit Errors of Triangulation after the Angles 

have been corrected for Figural conditions. 

Appendix No, 9. Correcticns to azimuthal Observations for imperfect Instrumental Ad- 
justments. 
Appendix No. 10. Reduction of the N.W. Quadrilateral—the Non-Circuit Triangles and 
their Final Figural Adjustments. 
Appendix No, 11. The ‘Theorctical Errors of the Iriangulation of the North-West Quadri- 
lateral. 
Appendix No, 12. Simultaneous Reduction of the N.W. Quadrilateral—the Computations. 
1I—North-West Quadrilateral.—he Principal Triangulation, the Base-Line 
Figures, the Karachi Longitudinal, N. W. Himalaya, and the Great Indus 
Series. - Dehra Dun, 1873. (Out of print.) 
1v—North-West Quadrilateral—The Principal Triangulation, the Great Are— 
Section 24°-30°, Rahun, Gurhagarh and Jogi-Tila Meridional Series and the 
Sutlej Series. ... shi ei Dehra Dun, 1876. 
1VA—North-West Quadrilateral—The Principal Triangulation, the Jodhpur 
and the Eastern Sind Meridional Series with the details of their Reduction and 
the Final Results. i hi Dehra Dun, 1886. 
V—Pendulum Operations ‘of Gaptains J.P. Basevi and W. J. Heaviside, 
and their Reduction. Dehra Dun and Calcutta, 1879. 
Appendix No. 1. Account of the Remensurement of the Length of Kater’s Pendulum at 
the Ordnance Survey Office, Southampton. 
Appendix No, 2. On the Relation between the Indian Pendulum Operations, and those 
which have been conducted elsewhere. 
Appendix No. 8. On the Theory, Use and History of the Convertible Pendulum, 
Appendix No. 4, Onthe Length of the Seconds Pendulum determinable from Materials 
now existing. 
Appendix No. 6. A Bibliographical List of Works relating to Pendulum Operations in 
connection with the Problem of the Figure of the Earth. 


VI—South-East Quadrilateral—The Principal Triangulation and Simultaneous 
Reduction of the following Series:—Great Arc—Section 18° to 24°, the East 

Coast, the Calcutta and the Bidar Longitudinal, the Jubbulpore and the Bilaspur 
Meridionals. om Dehra Dun, 1880, (Out of print.) 
VII—North-East Quadrilateral—General Description and Simultaneous Reduc- 
tion. Also details of the following five series:—North-East Longitudinal, the 
Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the 
Karara Meridional. ite ee Dehra Dun, 1882. 


Appendix No. 1. The Details of the Separate Reduction of the Budhon Meridional Series 
or Series J of the North-East Quadrilateral. 
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G.T.S. VOLUMES—( Continued). 


Appendix No. 2. Reduction of the North-East Quadrilateral, The Non-circuit Triangles 
and their Final Figural Adjustments. 

Appendix No. 8. On the Theoretical Errors generated respectively in Side, Azimuth, 
Latitude and Longitude in a Chain of ‘Triangles, 

Appendix No. 4. On the Dispersion of the Residual Errors of a Simultaneous Reduction 
of several Chains of ‘Triangles. 

Vol. VIII—North-East Quadrilateral—Details of the following eleven series :— 
Gurwani Meridional, Gora Meridional, Hurilaong Meridional, Chendwar Meri- 
dional, North Parasnath Meridional, North Maluncha Meridional, Calcutta 
Meridional, East Calcutta Longitudinal, Brahmaputra Meridional, Eastern Fron- 
tier—Section 23°-26°, and Assam Longitudinal. ... Dehra Dun, 1882. 

Ix—Telegraphic Longitudes—during the years 1875-77 and 1880-81. 
Dehra Dun, 1883. 

Determination of the Geodetic Elements of Longitude Stations, 

Descriptions of Points used for Longitude Stations. 

Comparison of Gecdetic with Electro-Telegraphic Arcs of Longitude. 

Circuit Errors of Observed Arcs of Longitude. 

Results of Idiometer Observations made during Season 1880-81. 

Situations of the Longitude Stations at Bombay, Aden and Suez. 

Survey Operations at Aden. 

Results of the ‘Jriangulation. 

\ 4. Right Ascensions of Clock Stars, 


X—Telegraphic Longitudes—during the years 1881-82, 1882-83, and 1883-84. 
Dehra Dun, 1887. 
Determination of the Geodetic Flements of the Longitude Stations, 


9, Descriptions of Stations of the Connecting Triangulation and of 
those at which the Longitude Observations were taken, 


Appendices to Part I.< 3. On the Errors in AL caused by Armature-time and the Retardation 
of the Electric Current. 


On the Rejection of some doubtful Arcs of Season 1881-82, 

5. On the probable Causes of the Errors of Arc-measurements, and on 
the Nature of the Defects in the Transit Instraments which 
might produce them. 

XI—Astronomical Latitudes—during the period 1805-1885. Dehra Dun, 1890. 
XII—Southern Trigon—General Description and Simultaneous Reduction. Also 
details of the following two series:—Great Arc—Section §°-18°, and Bombay 
Longitudinal. ... a8 Ds see Dehra Dun, 1890. 
X11I—Southern Trigon—Details of the following five series :—South Konkan Coast, 
Mangalore Meridional, Madras Meridional and Coast, South-East Coast, and 


Appendices to Part I. 


Appendices to Part IT. 
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_ Madras Longitudinal. bee ues oe Dehra Dun, 1890. 
xIV—South-West Quadrilateral—Details of Principal Triangulation and Simul- 
taneous Reduction of its component series. - Debra Dun, 1890. 


XV—Telegraphic Longitudes—from 1885 to 1892 and the Revised Results of 
Volumes IX and X: also the Simultaneous Reduction and Final Results of the 
whole Operations. wat ‘a vr Dehra Dun, 1893. 
Appendix No. 1, Determination of the Geodetic Elements of the Longitude Stations. 
Appendix No. 2 On Retardation. (A numerical mistake was made in this appendix in the 
conversion of a formula from kilometres to miles: the conclusions drawn 
cannot therefore be upheld). 
XVI—Tidal observations—from 1873 to 1892, and the Methods of Reduction. 
Dehra Dun, 1901. 


XVlI—Telegraphic Longitudes—during the years 1894-95-96. The Indo-European 
Arcs from Karachi to Greenwich. r sus Dehra Dun, 1901. 
Appendix No. 1. Descriptions of Points used for Longitude Stations. 
Appendix No. 2. The Longitude of Madras. 


XVIlI—Astronomical Latitudes from 1885 to 1905 and the Deduced Values of 
Plumb-line Deflections. ae sh ses Dehra Dun, 1906. 
Appendix No. 1. On Deflections of the Plumb-line in India. . 
Appendix No. 9. Determination of the Geodetic Elements of the Latitude Stations of 

Bajamara, Bahak, Lambatach and Kidarkanta. 

On the (N-S) Difference exhibited by Zenith Sector No. 1. 

On the Value of the Micrometer of the Zenith Telescope. 

On the Azimuth Observations of the Great Trigonometrical Survey of India. 


Appendix No. 
Appendix No. 


Appendix No. ere | 
Appendix No. A Catalogue of the Publications ofthe Great Trigonometrical Survey of India, 


Appendix No. 7. On the combination weights employed. 
XIX—Levelling of Precision in India from 1858 to 1909. Dehra Dun, 1910. 
Appendix No. 1. Experiment to test the changes, due to Moisture and Temperature, In the 
Length of a Levelling Staff. 
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G.T.S. VOLU MES—(Continued). 


Appendix No. 2. Onthe erection of Standard Bench-Marks in India daring the years 
1904-1910, | 

Appendix No.8. Memorandum on the steps taken in 1905-1910 to enable movements of the 
Earth’s crust to be detected, 

Appendix No. 4. Dynamic and Orthometric corrections to the Himalayan levelling lines 
and circuit ; and a consideration of the order of magnitude of possible 
refraction errors. 

: Appendix No. The passage of rivers by the Levelling Operations, 

Appendix No. 6. The Errors of the Trigonometrical values of Heights of stations of the 
principal triangulation. 

Appendix No. 7. The effect on the spheroidal correction of employing Theoretical instead 
of Observed values of Gravity anda discussion of different formulsg 
giving variation of Gravity with Latitude and Height. 

Appendix No. 8. On the discrepancy between the Trigonometrical and spirit-level values of 
the difference of height between Dehra Din and Mussoorie. 


a 


Vol. XIXA—Bench-Marks on the Southern Lines of Levelling. Dehra Din, 1910. 
Price Rs. 5 or 10°, 
XIXB—Bench-Marks on the Northern Lines of Levelling. Dehra Din, 1910. 


Price Rs. 5 or 10+. 
TRIANGULATION PAMPHLETS with charts, are now being issued for every 


square degree, giving the results of all minor triangulation. Price Re. J or 2: per pamphlet 
Except otherwise stated. Vide page 181. 
LEVELLING PAM PHLETS~— giving heights and descriptions of all Bench-marks, 


fixed by levelling of Precision in India and Burma. Each pamphlet embraces an area of 
4° x 4° and the numbering is the same as that of the corresponding sheets of the 1/M map 
of India. Each is illustrated by a map of the area. Price Rs. 2 or 4* per pamphlet 
except where otherwise stated. 
Pamphlet Nos. Latitude. Longitude, Published Pamphlet Nos. Latitude. Longitude Published. 
India 84 28°—32° 61°—68° Dehra Din, 1916. India 67 12°—16° 76°—80° Dehra Din, 1919.t 


= 85 24°-—28° 64° — 68° 1911, es 58 8°—12° 76°—80° m 1914, 
: 88 32°—36° 68° — 72° n 1912. » 62 28°-—32° 80°—84° » 1922, 
re 89 28°—32° 68° —72° “ 1913, » 68 24°-—28° 80°-84° 1  1923,*8 
‘i » Addendum - 1916. » 64 20°-24° 80°-81° _ 1912, 
r 40 24°—28° 68° — 72° . 1911. » 65 16°-—20° 80°-81° » 1913, 
41 20°-—24° 68° — 72° = 1913. » 66 12°-16° 80°—84° 1912. 
as 48 32°-36° 72°—76° “ 1913. » «2 24°—28° 84° —88° a 1912, 
a » Addendum ” 1915. ” » Addendum ” 1919. 
zi 44 28° -32° 72° —76? is 1920f. , @8 20°—24° 84°-88° - 1913. 
rp » Addendum ‘ 192), ¥ » Addendum i 1926. 
" 45 24°—23° 72° —76° ‘5 191), » @4 16°—20° 84°—88° 1913, 
‘a 46 20°-24° 72°—76° 2 1912. 4 78 24°—28° 8s°—92° - 1923,** 
? 47 16°-—20° 72° —76° r 1912, »  @ 20°—24° 88°—92° » 1912, 
i. » “Addendum oe 1915. “ » Addendum ee 1916. 
bs 48 12°—16° 72° — 76° ms 1912, » 883 24°—28° 95°-—96° ‘3 1912,§ 
. 49* 8°~}2° 72° ~76° 4 1911. Burma 84 20°-—24° 92°-—96° - 1918. |} 
se 52 32°-36° 76°—80° _ 1912, s 85 16°—20° 92°-96° - 1917. || 
” 58 28°—32° 76° —80° a 1920. » 92 24°—28° 96°-—100° - 1918. | 
we 54 24°—28° 76°—80° ‘ 1921.4 » 98 20°—24° 96°~—300° »  1917.]] 
+ 55 20°-24" 76°—80° 6 1912. 94 16°—20° 96°—100° 

‘ 56 16°—20° 76°—80° ss 1912. Z »  1916.|] 
5 * Addendum Ps 1919, 95 12°-16 96°—100° | 


Levelling of Precision in Mesopotamia— 
Descriptions and heights of bench-marks, reprinted, Dehra Din, 1923. Price Rs. 3 or 6°. 
TIDE TABLES— 


Since 1881 Tidal predictions based on the observations of the Survey of India have 
been published annually by the India Office, London up till the year 1922. From 1928 on- 
wards the prediction and publication have been undertaken at Dehra Dan by the Survey of 
India. The tables give the time and height of high and low water for every day in the year 
at each port, and are published early in the previous year. Current tables are available for the 
following 40 ports :—_ 

Western Ports— | 

Suez (Egy pt)— Perim—Aden—Maskat— Basrah—Bushire—K arachi—Okha Point and Bet 
Harbour (Gulf of Cutch)—Porbandar—Port Albert Victor (Kathiawar)—Bhavnagar— Bombay 
(Apollo Bandar)—Bombay (Prince’s Dock)—Marmagao (Goa)—Karwar—Beypore (near 
Calicut)—Cochin—Tuticorin—Minicoy (Indian Ocean)—Pamban Pass (Island of Rameswaram ). 


* Price Re.1 or 2 ft 2nd Edition, { 2nd Edition (revised and enlarged). § Heights on pages 45 & 46 
revised in 1918, || Heights revised. ¥ 3rd Edition (revised with additions), ** Data up to 1928. 
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TIDE TABLES— (Continued). ey ane 
Eastern Ports— _ eS ss | 

Colombo { (Ceylon) —Galle (Ceylon) —Trincomalee (Ceylon)—Negapatam—Madras— 
Cocanada—Vizagapatam—False-Point—Dublat (Sagar Island)—Diamond Harbour--Kidderpore 
(Calcutta)—Chittagong—A kyab—Diamond Island (Bur ms )—Bassein—Elephant Point (Burma) 
—Rangoon—Amherst—Moulmein—Mergui— Port Blair. 


"The Tide Tables are issued in the following forms up to those fer 1924. 

(i) Part I and Part II—including Western and Eastern pone respectively— 
Each part Rs. 8 or 16°. 

(ii) Pamphlets—giving separately the tables for individual ports or for smal] 
local groups of ports—Price varying from As. 12 or 1°64 to Rs. 1-8 or 3 per 
pamphlet. 

(iii) Sheets—These are only published for Karachi, Bombay, Madras, Hooghly 
River. Price varying from As. 12 or 1* 64 to Rs. 1-8 or 3 per sheet. 


C—CATALOGUES AND INSTRUCTIONS. 


(Obtainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 
DEPARTMENTAL ORDERS.— | 


From 1878 to 1585 the Surveyor General’s orders were all issued as “ Circular 


Orders.” Since then they have been classified as follows :— 
| aaa reer re of India Orders (called “Circular Orders’’ 
up to 
From 1885 to 1904 as 4 5 __ Departmental Orders (Administrative). 
3—Departmental Orders (Professional). 
In 1904 the various orders issued since 1878 were reclassified as follows :—. 
Number to date. 


1.—Government of India Orders.— | 786 
2.—Circular Orders (Administrative).— 402 
3.—Circular Orders (Professional).— 196 


4.—Departmental Orders. (appointments, promotions, transfers, etc.) 
These are numbered serially and had reached the above numbers by September 1922. 
Government of India Orders and Cireular Orders (Administrative) are bound up in volumes 
from time to time, as shown below, while Circular Orders (Professional) are gradually incor- 
porated 1 in the Survey Hand-books. Besides the above, temporary orders have been issued 
since 1910 in the form of “Circular Memos.” These either lapse or become incorporated 
in some more permanent form, and are therefore SEER numbered serially for each year. Bound 
volumes ot orders are available as follows :—- | 
1, *Government of India Orders (Departmental) 1878-1903.—Calcutta, 1904, 


Ditto ditto 1904-1908,—Calcutta, 1909, (Out of print). 
Ditto ditto 1909-19138.—Calcutta, 1915. 
Ditto ditto. 1914-1918.—Caleutta, 1920. 
2. *Circular Orders (Administrative) 1878-1903.—Calcutta, 1904. 
Ditto ditto 1904-1908.—Calcutta, 1909. 
Ditto ditto 1909-1913.—Caleutta, 1915. 
Ditto ditto — 1914-1918.—Caleutta, 1920, 


3. * Regulations on the subject of Language Examinations for Officers of the Survey of 
India. Calcutta, 1914. 

4. *Map Publication Orders 1908-1914 (Superintendent, Map Publication’s Orders.)— 
Calcutta, 1914. 

5. Specimens of papers set at Examinations for the Provincial Service.—Dehra Dan 
1903.—(Out of print). | . 


CATALOGUES AND LISTS. | 
Gatalogue ot Maps published by the Survey of India, Corrected to lst January 
1028, Calcutta, 1923. Price Re. 1 or 2. 
NOTE.—Lists of new maps published during each month appear in the monthly 
NOTES OF THE SURVEY OF INDIA. — “eneee ae lists 
are also issued separately. 
29. Catalogue of Maps of the Bombay Presidency, Calcutta, 1913. Price As. 4or 64. 
8. List of the publications of the Survey of India (published annually}—Debra 
Dun. Gratis, 
4. Price List of Mathematical Instrument Office. Caleutta, 1921. Gratis. 
_§. Catalogue of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print). 


* For Departmental use only. 
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CATALOGUES AND LISTS—(Continued). 


. 6. - Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical eee 
Office. Dehra Dun, 1908. Price Re. 1 or 2. 
7. Classified Catalogue of the Trigonometrical Survey Library. Dehra Dan, 1921. Qratie 
8. Green Lists—PART I—List of officers in the Survey (annually to date 1st vane 
ss * Calcutta. Price As. 6 or 94. 
PART [I—History of Services of Officers of the Survey of India 
. (annually to date 1st July)—Calcutta. Price 4s.8 orl. . 
9. Blue Lists—Ministerial and Subordinate Establishments of the Survey of India. 
PART I—Head-quarters and Dehra Dun offices (published annually to date Ist. 
April)—Caleutta. Price Re. 1 or 25. 
PART [I—Circles and parties (published annually to date Ist January).—Caleutta. 
Price Rs. 1-8 or 35. 


TABLES AND STAR CHARTS. 


1. Auxiliary Tables—to facilitate the calculations of the Survey of India. Fourth 
Edition (Revised), Dehra Dun, 1906. Price Rs. 4 or 8! in cloth and calf, or Rs. 2 or 4! in paper and 
boards. 

- 2, *Auxiliary Tables—of the Survey of India. Vifth Edition (Revised-and Extended), 

by J. de Graaff Hunter, M.A., Sc.D., F. Inst. P. In parts— 

PART I—Graticules of Maps (Reprinted). Dehra Dun, 1921. Price Re. 1 or 25, 
PART If—Mathematical Tables (Reprinted with additions). Dehra Duin, 1924 

Price Rs. 2 or 4'. 

cf PART If[I—Topographical Survey Tables. (Reprinted with additions), Dehra 

Dan, 1923. Price Re. 1-8 or 3°. 

8. «~‘Tables for Graticules of Maps. Extracts for the use of Explorers. Dehra Din, 

1918. Price As. 4 or 64, 

4. +Metric Weights and Measures and other tables. Photo-Litho Office. Calcutta, 
1889. (Out of print.) 

5. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Dan, 1886. (Out of print). 

6. Logarithmic Sines, Cosines, Tangents and Cotangents to 5 places of decimals. Dehra Dan. 
1915. (Out of print). 

7, Common Logarithms to 5 places of decimals 1885. Price As. 4 or 64. 

8. Table for determining Heights in Traversing. Dehra Dun, 1898. Price As. 8 or 1°. 

- 9, Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Dehra 
Din, 1889. Price As. 4 or 6“ ; 


10. + | Ditto _ ditto | 10 feet. Calcutta, 1915. 

11. + Ditto ditto 8 feet. Ditto. 

12, Star Charts for latitude 20° N., by Colonel J. R. Hobday, I.8.C. Calcutta, 1904. Price 
Rs. 1-8 or 3°. | 


13. Star Charts for latitude 30° N., by Lt.-Col. 8. G4. Buran, R.H., BRS. Dehra Dian, 
1906. Price Rs. 1-8 or 38. 

14. + Catalogue of 249 Stars for epoch Jan. 1, 1892, from observations by the Survey, 
Dehra Dun, 1893. Price Rs. 2 or 4. 

15. + Rainfall, maximum and minimum temperatures from 1868 .to 1920, recorded at the 
Survey Office Observatory, Dehra Dan. (Revised.) | 


OLD MANUALS. 


1. A Manual of Surveying for India, detailing the mode of operations on the Revenue 
Surveys in Bengal and the North-Wostern Provinces. Compiled by Captains BR. Smyth and H. L. 
Phuillier. Calcutta 1851. (Out of print.) 

2. Ditto ditto ditto. Second Edition. London, 1855. 
(Out of print). 

3. A Manual of Surveying for India, detailing the mode of operations on the Trigonometri- 
cal, Topographical and Revenue Surveys of India. Compiled by Colonel H, L. Thuillier, C.S.I., 
F.BR.S., and Lieutenant-Colonel R. Smyth. Third Edition, revised and enlarged. Calcutta, 1875. 


(Out of print.) 


_ 4, Hand-book Revenue Branch. Calcutta, 18938. Price Rs. 2-8 or 5*. - ‘ 
SURVEY OF INDIA HAND-BOOKS. 


1. Hand-book General Instructions, Fourth Edition. Calcutta, 1914. Price 
RBs. 3 or 6°. - ; : 

2. Hana- book, Trigonometrical Branch, Second Edition. Calcutta 1902. 
(Out of print.) SAU i Oia al raat ad 


* Obtainable from the Superintendent of tne irigonometrical Survey, Dehra Dun, U.P. 
¢ For Departmental use only. 
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SURVEY OF INDIA HAND-BOOKS—( Continued). 


8. Hand-book of Trigonometrical Instructions.—Third Edition. Chapters, 
in pamphlet forms— 
Chapter VI—Levelling of Precision. Dehra Dun 1920. Price Re. 1 or 2s. 


4. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. 
(Out of print.) : 

5. Hand-book of Topography.—Fourth Edition. Calcutta, 1911. Chapters, in 
pamphlet forms— 


Chapter $I—Introductory.—reprinted with additions, 1921. Price As. 8 or 15. 

JI—Constitution and Organization of a Survey Party.—reprinted with 
additions, 1923. Price As. 8 or 1', 

III—Triangulation and its Computation.—revised 1923. Price Re. 1or 2s, 

IV—Theodolite Traversing—reprinted, 1924. Price Re. 1 or 2. 
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9 V—Plane-tabling.—reprinted 1915. Préee Re. 1 or 2. 
‘5 VI—Fair Mapping.—reprinted with additions and revised, 1922. Price 
Re. 1 or 2. 


VII—tTrans-frontier Reconnaissance.—reprinted 1914. Price As, 8 or 1°, 
ViII—Surveys in time of war (not ready). 
IX—Forest Surveys and Maps.—revised 1924. (In the Press). 
X—Map Keproduction.—reprinted 1919. Price As. 8 or 1'. 
XI—Geographical maps.—1917. Price As. 8 or 1', 


6. *Photo-Litho Office, Notes on Organization, Methods and Processes. By Major 
W.O. Hedley, R. H. Revised and amplified by Capt. 8. W.S, Hamilton, R. E. Calcutta, 1914. 


7. The Reproduction (for the guidance of other Departments), of 
Maps, Plans, Photographs, Diagrams, and Line Illustrations. Calcutta, 1914. Price Rs. 3 or 6°. 


NOTES AND INSTRUCTIONS. 
Drawing and Paper. 

1. *Notes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By 

Major W. M. Coldstream, R, H. Calcutta, 1911. 
Printing and Field Litho processes. 

2. *Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, R. £. 
Calcutta, 1911. 

3. *Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus 
and Chemicals required for a small section. Compiled in the Photo and Litho Office, Survey of 
India. Calcutta, 1913. 

4. *Report on the Working of the Light Field Litho Press (experimental) in November 
and December 1910 with Appendices. By Lieutenant A. A. Chase, BR. E., Calcutta, 1911. 

(1) Notes on some of the Methods of Reproduction suitable for the Field. 
(2) Suggested Equipment Tables for the Light Field Litho Press (experimen- 
tal). 

5. *Report on a trial of the equipment of the Ist (Prince of Wales’ Own) Sappers and 
Miners for reproducing maps in the field. By Lieutenant A. A. Ohase, R. HE. Calcutta, 1912. 
(Out of print). 

Base Lines and Magnetic. 

6. *Notes on use of the Jaderin Base-line Apparatus. Dehra Din. 1904. (Out of print). 

7, *Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jaderin Invar 
Apparatus. Dehra Dun, 1912. : 

g. *Instructions for taking Magnetic Observations. By J. Eccles, M.A. Debra Dun, 1896. 
(Out of print). 

9. Rectangular Coordinates.—On a Simplification of the Computations relating to- 
By J. Ecclee, M.A. Dehra Dun, 1911. Price Re. 1 or 2. . 

10. *For Explorers.—Notes on the use of Thermometers, Barometers and Hypsometers 
with Tables for the Computation of Heights. By J.de Graaf? Hunter, M.A. Dehra Dun, 1911. 
(Out of print). 

11. Amended Instructions for the Survey and Mapping of Town Guide Maps. August 191% 
Sennen Seen EE ae 
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D—MISCELLANEOUS PAPERS. 


(Obtainahle from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 

UNCLASSIFIED PAPERS. 
Geography. 

1, A Sketch of the Geography and Geology of the Himalaya Mountains and Tibet (in four 
parts), by Colonel S. G. Burrard, R. E., F.R.S., Supdt., Trigonometrical Surveys, and H. H. 
Hayden, B. A., F. G.&., Supdt., Geological Survey of India. Culeutta, 1907-08. 

Part I.—The High Peaks of Asia. 
s I].—The Principal Mountain Ranges of Asia. 
111.—The Rivers of the Himalaya and Tibet. Price Is. 2 or 4° per part. 
»  LV.—The Geology of the Himalaya. 

2. *Report on the Identification nnd Nomenclature of the Hinfilayan Peaks as seen from 
Katmandu, Nepal, by Capt. H. Wood, R. EF. Calcutta, 1904. 

3. Routes in the Western-Himalaya, Kashmir, etc., by Lieut.-Colonel T. Q. Montgomerte, 
R.E., FR. S., F. Rk. G.S. Third Edition, revised and corrected. Dehra Dun, 1909. (Out 
of print.) 

4. Routes in the Western-Himalaya, Kashmir, ete. with which are included Montgomerie’s 
Routes. Volume I. Punch, Kashmir and Ladakh, by Major Mason, M.C., R.E., 1st edition, 
Dehra Dun, 1923. Price Rs. 6. 

Exploration. 

1. *Account of the Survey Operations in connection with the Mission to Yarkand and 
Kashgar in 1873-74, by Captain Henry Trotter, R.E. Calcutta, 1875. (Out of print). 

2. Report on the Trans-Himalayan Explorations during 1869. (Out of print). 

3. Report on the Trans-Himalayan Explorations during 1870. Dehra Dian, 1871. 


(Out of print). 
4. Report on the Trans-Himalayan Explorations during 1878. Calcutta, 1880. (Out 


of print). 

5. Explorations in the Eastern Kara-koram and Upper Yarkand Valley. (Narrative re- 
port of the work of the Survey of India Detachment with the De Filippi Scientific Expedition 
1914), by Mujor H. Wood, R.E. Dehra Dun, 1922. Price Rs. 3 or 6°. 

Special Reports. 

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal, Ranikhet and Kosi 
Valley Surveys extended to Peshawar and Kaghan Triangulation during 1869-70, by Major 
T. G. Hontgomerie, R.E. (Out of print). 

2. Report on the Recent Determination of the Longitude of Madras, by Capt. 8. G. 
Burrard, R. BF. Calcutta, 1897. (Out of print). 

3. *Report on the Observations of the Total Solar Eclipse of 6th April, 1875 at Camorta. 
Nicobar Islands, by Colonel J. Waterhouse. Calcutta, 1875. (Out of print). 

4, *The ‘l'otal Solar Eclipse, January 22, 1898. Dehra Dun, 1898. 

(1) Report on the observations at Dumraon. 
(2) Report on the observations at Pulvaon. 
(3) Report on the observations at Sahdol, 

5. *Report on Local Attraction in India, 1893-94, by Captain 9.G. Burrard, R.E. 
Calcutta, 1895. (Out of print.) _ 

6. *Report on the Trigonometrical Results of the Earthquake in Assam, by Captain S. G. 
Burrard. Calcutta, 1898. (Out of print.) 

7. *Noteson the Topographical Survey of the 1/50,000 Sheets of Algeria by the Topo- 
graphical Section of the “Service Geographique de l’Armée”, by Captain W. M. 
Coldstream, R.E. Calcutta, 1906. 

8. *The Simla Estates Boundary Survey on the scale of 50 feet to 1 inch, by Captain 
E.A. Tandy, R.E. Calcutta, 1906. 

9. *A note on the stage reached by the Geodetic Operations of the Survey of India in 

1920, by Lieut.Col. H. M. Cowie, R.E.; the Magnetic Survey of India, dy Major R. H. Thomas, 
D.S.0O., R.E., and a note on the present Levelling Policy, by Major K. Mason, M.C., R.E. Dehra 
Din, 1922. (Out of Print). 


Geodesy. 
1. Notes on the Theory of Errors of Observation, by J. Eccles, M.A. Dehra Dun, 1903 


Price As, 8 or 1°. 

2. *Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Trian- 
gulation of the G.T. Survey of India, by J. de Graaff Hunter, M.A. Dehra Din. 
(Out of print.) Now incorporated in Professional Paper No. 16. 

8. Report on the Treatment and use of Invar in measuring Geodetic Bases, dy Capt. 
H. H. Turner, R. FE. London, 1907. Price As. 8 or 1'. 


* For Departmental use only. 
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UNCLASSIFIED PAPERS.—(Continued), 


Projections. 
1, On the projection used for the General Maps of India. Dehra Dun, 1903. (Out of 
print). 


2. *On the deformation resulting from the method of constructing the International 
Atlas of the World on the scale of one to one million. By Ch. Lallemand. Translated 
by J. Eccles, M.A., together with tables for the projection of 1/M Maps on the 
International system. Dehra Dun, 1912. (Out of print). 

Mapping. 

1. *A Note on the different methods by which hills can be represented upon maps. 
By Colonel S.G. Burrard, CS.I., R.E., F.BS., Surveyor General of India, Simla, 1912. 

2. *A Note on the representation of hills. By Afajor C. L. Robertson, C.M.G., R.E. 
Dehra Dan, 1912.” 

3. *A Note on the representation of hills on the Maps of India. By Alajor F. W. Pirrie, 
I.A. Dehra Dun, 1912. | 

4. *A consideration of the Contour intervals and Colour Scales best suited to Indian 
1/M maps. By Cuptain M. O'C. Tandy, R.E. Calcutta, 1913. (Out of print). 

PROFESSIONAL PAPERS—Price Rupee 1 or 2 per volume, except where otherwise 
stated. 

No. 1—Projection—On the Projection for a Map of India and adjacent Countries on 
the scale of 1: 1,000,000. By Colcnel St. G.C. Gore, R.E. Second Edition, 
Dehra Dun, 1903. 

No. 2 *Base Lines—Method of measuring Geodetic Bases by means of Metallic 
Wires. By MM. Jaderin. (Translated from Mémoires Présentés par Divers 
Savants @V Académie des Sciences de I’Institut de France). Dehra Dun, 1899. 
(Out of print.) 

No. 3—Base Lines—Method of measuring Geodetic Bases by means of Colby’s 
Compensated Bars. Compiled by Lieutenant H. McC. Cowie, R. E. Dehra 
Dun, 1900. (Out of print.) 

No. 4—Spirit-levels—Notes on the Calibration of Levels. By Lieutenant E. A. 
landy, R. E. Dehra Dun, 1900, (Out of print.) 

No. 5—Geodesy—tThe Attraction of the Himalaya Mountains upon the Plumb-Line 
in India. Considerations of recent data. By Dlajor S. G. Burrard, R. E. 
Second Edition, Dehra Dun, 1901. Price Bs. 2 or 45. 

No. 6—Base Lines—Account of a Determination of the Co-efficients of Expansion 
of the Wires of the Jiderin Base-Line Apparatus. By Captain G. P. Lenox- 
Conyngham, R. E. Dehra Dun, 1902, (Out of print.) 

No. 7—* Miscellaneous. Calcutta, 1903. 

(1) On the values of Longitude employed in maps of the Survey of India. 
(2) Levelling across the Ganges at Damukdia. 

(3) Experiment to test the increase in the length of a Levelling Staff due to 

moisture and temperature. 
(4) Description of a Sun-dial designed for use with tide gauges. 
(5) Nickel-steel alloys and their application to Geodesy. (Translated from 
the French). 

(6) Theory of electric projectors. (Translated from the French). 

No. 8—Magnetic—Experiments made to determine the temperature co-efficients of 
Watson’s Magnetographs. By Captain H. A. Denholm Frazer, R. E. Calcutta, 
1905. 

No. 9—Geodesy—An Account of the Scientific work of the Survey of India and a 
Comparison of its progress with that of Foreign Surveys. Prepared for the 
use of the Survey Committee assembled in 1905. By Lieutenant-Colonel 8. G. 
Burrard, R. E., F.R.S. Calcutta, 1905. 

No. 10—Pendulums—The Pendulum Operations in India, 1903-1907. By Major 
G. P. Lenox-Conyngham, R, E, Dehra Din, 1908. Price Rs. 2-8 or 5. 

- No. 11—Refraction—Observations of Atmospheric Refraction, 1905-09. By H. G, 
Shaw, Survey of India, Dehra Dun, 1911. (Out of print.) 

No. 12—Geodesy—On the Origin of the Himalaya Mountains. By Colonel S. G. 
Burrard, C.8.1.,R. #., F.R.S. Calcutta, 1912. 

No. 13—Isostasy—lInvestigation of the Theory of Isostasy in India. By Major H. L. 
Crosthiait, R.E. Dehra Dan, 1912. (Out of print.) 
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PROFESSIONAL PAPERS.—(Continued). 


No. 14—Refraction—Formule for Atmospheric Refraction and their application to 
Terrestrial Refraction and Geodesy, by J: de Graaff Hunter, M.A. Dehra 
Dun, 1913. Price Rs, 2 or 4°. 

No. 15—Pendulums—The Pendulum Operations: in India and Burma, 1908-18, 
by Captain H. J. Couchman, R. FE. Dehra Dian, 1915. Price Rs. 2-8 or 5°. 

No. 16—Geodesy—The Earth's Axes and Triangulation, by J. de Graaff ene H.A. 

Dehra Dun, 1918. Price Rs. 4 or 8. 

No. 17—Isostasy—Investigations of Isostasy in Himalayan and N siaibouking Regions, 
by Colonel Sir 8S. G@. Burrard, K. 0. 8.1., RB. £., F. R.S. Dehra Din, 1918. 
Price Re. 1 or 2. 

No. 18—Isostasy—aA criticism of Mr. R. D. Oldham’s memoir “The structure of the 
Himalayas and of the Gangetic Plain”, by Lieut.-Colonel H. McC. Cowie, R.E. 
Dehra Dun, 1921. Price Rs. 1-8 or 3. 

No. 19—Aerial Photography—Experiments in Aeroplane Photo Sinead by 
Major C. G. Lewis, R.E., and pe EG: Salmond, (Late R.A.F.). Dehra 
Dun, 1920. Price Rs. 1- 8 or 3. 

DEPARTMENTAL PAPERS SERIES. (For departmental use only.) 


No. 1—Type—a consideration of the most suitable forms of type for use on mane: 
by Cavtain M. O'C. Tandy, R. FE. Dehra Din, 1913. 

No. 2—Symbols—a review of the Boundary Symbols used on the maps of various 
countries, by Captain M. O’C. Tandy, R. #. Debra Din, 1918. 

No. 8—Maps—Extract from “The New Map of Italy, Scale 1: 100,000.”, by Luigi 
Giannitrapani Translated from the Italian by Major W.M. Coldstream, R.E. 
Dehra Dun, 1913. : 

No. 4—Town Surveys—A report on the practice of Town Surveys in the United 
Kingdom and its application to India, by Major C. L. Robertson, C.11.G., R.E., 
Dehra Dun, 1913. 

No. 5— Stereo-plotter—The Thompson Stereo- plotter and its use, with notes on the 
field work, by Lieutenant K. Mason, R. E. Dehra Dun, 1918. 

No. 6-—Levelling—Levelling of High Precision, by Ch. Lallemand. Translated 
Srom the French by J. de Graaff Hunter, M.A. Dehra Din, 1914. 

No. 7—Standard Bars—Bar Comparisons of 1907-08, by Major H. McC. Cowie, 
R. EF. Dehra Div, 1915. ~ 

No. 8—Helio-zincography—Report on Rubber Off-set Flat bed Machine Printing, 
by Captain 8. W. Sackville Hamilton, R.E. Calcutta, 1915. 

No. 9—Stereo-Auto-Plotting—A translation of Paul Corbin’s French Stéréo 
Autogrammetrie by Lieutenant-Colonel H. M. Cowie, R.E., Dehra Dun, 1922. 


PROFESSIONAL FORMS. 


A large number of forms for the record and reduction of Survey Operations are stocked 
at Dehra Din. A list of these can be obtained from the Superintendent of the Trigono- 
metrical Survey, Dehra Din, U. P. 


EXTRA-DEPARTMENTAL PUBLICATIONS. 


1. *India’s Contribution to Geodesy, by General J. 7. Walker, R.E., C.B., F.R.S., LL.D. 
(Philosophical Transactions, Royal Society Series A, Volume 186, 1895). 

2. *On the Intensity and Direction of the Force of Gravity in India, by Lieutenant-Colonel 
S.G. Burrard, R.E., FR.S. (Philosophical Transactions, Royal Society Series A, 
Volume 205, pages 289-318, 1905). 

3.*Onthe effect of the Gangetic Alluvium on the Plumb-Line in Northern India, 
by R. D. Oldham, F.R.S. (Proceedings Royal Society, Series A, Volume 90, pages 
32-40, 1914). 

4. *On the origin of the Indo-Gangetic trough, commonly called the Himalayan Foredeep, 
by Colonel Sir 8. G. Burrard, B.OS8.1, R.E., FERS. (Proceedings, Royal Society 
Series A, Volume 91, pages 220-238, 1915). 

5. Three pomnrclencive articles on “‘Comparators for the Indian Government” from 
a report by Major H. M. Cowie, R. E. (Engineering, Aug. 20, Aug. 27, Sep. 3, 1915). 

6. §Identification of Peaks in the Himalaya with notes, by Colonel Sir S. G. Burrard, 

K.C.S8.1., R.E., F.R.S. (Geographical Journal, September, 1918). 


a 


* Obtainable from Messrs. Dulau & Co., 37, Soho Square, London, W., or Messrs, Harrison & Sons, St 
Martin's Lane, London, or the Royal Society at Burlington House, London. 
= f Obtainable from Charles Robert Johnaon at the offices of “ Engineering ”, 85 aud 36, Bedford Street, 


8 London W. C. 
one § ‘Obtainable from the Royal Geographical Society Kensington Gore London, 8.W. 7. 
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EXTRA-DEPARTMENTAL PUBLICATIONS.—(Continued). 


7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 


15, 


16. 
17. 
18. 


19. 


20. 
21. 
22. 
23, 
24. 


25. 


26. 


27. 


28. 


29. 


30. 


81. 


§Geological interpretations of Geodetic Results, by Colonel Sir S. G. Burrard 
K.C.8.1., R.E., F.R.S. (Geographical Journal, October 1918). 

§War Surveys in Mesopotamia, by Colonel F. W. Pirrie, C.MG., L.A. (Geographi- 
cal Journal, December 1918). 

§Air Photography in Archaeology, by Lieutenant-Colonel G.A. Beazeley, D.S.0., B.E., 
(Geographical Journal, May 1919). 

§Mapping from Airphotographs, by Lieutenant-Colonel M.N. Mac Leod, R.E. (Geor 
graphical Journal, June 1919). 

§Reminiscences of the Map of Arabia and Persian Gulf, by Ineutenant-Colonel F. 
F. Hunter, D.S.O., I.A. (Geographical Journal, December 1919). 

§Central Kurdistan, by Major K. Mason, M.C., R.E. (Geographical Journal Decem- 
ber 1919). 

§Surveys in Mesopotamia during the War, by Lieutenant-Colonel G.A. Beazeley, 
D.S.0., R.E. (Geographical Journal, February 1920). 

tA lecture on the Earth’s Axes and Figure, by J. de Graaff Hunter, M.A., (The 
Observatory, May 1920). 

§A brief review of the evidence upon which the Theory of Isostasy has been based, 
by Colonel Sir S.G. Burrard, K.C.8.I., R.E., F.R.S. (Geographical Journal, July 
1920). 

§A note on the topography of the NunKun Massif in Ladakh, by Major K. Mason, 
M.C,, R.E. (Geographical Journal, August 1920). 

§ Notes on the Canal System and Ancient Sites of Babylonia in the time of Xenophon, 
by Major K. Mason, M.C., R.E. (Geographical Journal, December 1920). 

{Topographical Air Survey (with plates and maps), by Lieutenant-Colonel G. A, 
Beazeley, D.S.O., R.E. (Royal Engineers Journal, February 1921). 

@ Projection of Maps.—A review of some Investigations in the theory of Map Projec- 
tion, by A. K. Young—by Colonel Sir 8.G. Burrard, K.C.S.I., R.E., F,.R.S. (Royal 
Engineers Journal, March 1921), 

§The Circulation of the Earth’s Crust, by Ineutenant-Colonel E,A. Tandy, R.E. 
(Geographical Journal, May 1921). 

\|Johnson’s Suppressed Ascent on E 61., by Major K. Mason, M.C., R.E. (Alpine 
Journal, November 1921). 

§Stereographic Survey. The Autocartograph, by Lieutenant-Colonel M.N. Macleod, 
D.S.0., RE. (Geographical Journal, April 1922), 

qThe “Canadian” photo-topographical method of Survey, by Captain and Bt. Major 
E. O. Wheeler, M.C., R.E. (Royal Engineers Journal, April 1922). 

|The Survey of Mr. W.H. Johnson in the K’un Lun in 1865, by Major K. Mason, 
M.C., R.E. (Alpine Journal, November 1922). 


@Gravity Survey, by J. de Graaff Hunter, M.A, Sc.D, F. Inst. P. (A Dictionary of 
Applied Physics, Vol. III). 

@Trigonometrical Heights and Atmospheric Refraction, by J. de Graaff Hunter, M.A., 
Sc.D., F. Inst. P. (A Dictionary of Applied Physics, Vol. ITT). 

Geodesy, by Colonel Sir G.P. Lenox-Conyngham, Kt., R.E., F.R.S. and J. de. Graaff 
Hunter, M.A. Sc.D., F. Inst. P. (Enc. Brit. 12th Edition, Vol. XXXIJ, 1922). 

§The proposed Determination of Primary Longitudes by International Cooperation, 
by Colonel Sir G.P, Lenoz-Conyngham, Kt,, R.E., F.R.S. (Geographical Journal, 
Feb. 1923). 

§Recent Developments of Air photography.—(1) ‘Ihe adjustment of Air photographs 
to Survey points, by Iieutenant-Colonel M.N, MacLeod, D.S.0., R.E. (Geographical 
Journal, June 1923). 

§Kishen Singh and the Indian Explorers, by Major K. Mason, M.C., R.E. (Geographi- 
cal Journal, December 1923). 

**Electrical Registration of Height of water at any time in Tidal Prediction, dy J. de 
Graaff Hunter M.A., Sc.D., F. Inst. P. (Journal of Scientific Instruments, Vol. I, 
No. 8, May 1924). 


§ Obtainable from the Royal Geographical Society Kensington Gore London. 8.W. 7. 

J Obtainable from Messrs. Taylor & Francis, Red Lion Court, Fleet Street, London, W.C. 

{ Obtainable from The Institution of Royal Engineers, Chatham. 

|| Obtainable from Alpine Club, 23 Savile Row, London, W. 1. 

@Obtainable from Messrs. MacMillan & Co, Limited. St. Martin's Street., London, W.C., Bombay 


Calcutta, Madras, Melbourne, 


**QObtainable from the Institute of pbysics, 90 Great Russel Street, London, W.C. I. 
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AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS. 


LONDON. 


A. Consranur & Co., 10, Oranve Street, Leices- 
ter Square, W.C. 


P.S. Kina & Son, 2 and 4, Great Smith Street, 


FUR MAPS ONLY. 


LONDON. 


|Kpwanrb StanForpb, Ltp, 12-14, Long Acre, 


Westminster, S. W. Wc. 
Keaan Paut, Trexcu, Trupyer & Co., 
68, Carter Lane, F.C. 
B. Quanitcn, 11, Grafton Strect, New Bond 
Street, W. 
Hewry S. kiya & Co., 65, Cornhill, .C. 
Gninpiay & Co., 54, Parliament Street, S.W. INDIA. 
T. Fisuer Uswis, Wrp., 1, Adelphi Terrace, ! Ty cker, Spink & Co., No. 3, Esplanade, East, 
W.C. Calcutta. 
W. Tuacker & Co., 2, Creed Lane, Ludgate | Newstan & Co., No. 3, Old Court House Street, 
Hill, B.C. Calcutta. 


Luzac & Co., 46, Great Russell Street, W.-C. | Tus Punsas Reviciovs Boox Society, Lahore. 


Burman & Co., Muzaffarpur, 


EDINBURGH. 


OLIVER AND Born, Tweeddale Court. 


Tuacker & Co., Ltp., Bombay. 
D. B. Taraporevata Sons & Co., Bombay 


Hiaainpotoam, Lrp., Madras. 


THe Curator, Government Boox Depor 


Burma, Rangoon. 


DUBLIN. 


KB. Ponsonny, Lrv., 116, Grafton Street. 
, ‘THackER, Spink & Co., Simla. 


Cocksugn Agency, Sriuagar, Kashmir. 
OXFORD. 
B. H. BuackweE ut, 5U and 51, Broad Street. 


CAMBRIDGE. 


Deiunron, Bett & Co., Lirv., Trinity Street. 


ON THE CONTINENT. 
Eexyxest Levoux, Rue Bonaparte, 


Paris = France. 


Mautrinus Niguorr, The Hague - Holland. 


Orro Warrassowirz, Leipzig 
FRIEDLANDER AND Soun, Berlin 


r Germany. 
J 


Geud. Dr. P, O.—-1924 =v. 


: PUBLICATION 


1S oe A 
EPTEMBER, 1922 
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MAGNETIC SURVEY. 
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